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winasityvaoba 
 
saswavlo programis axali koncepciis mixedviT, araorganuli qimiis 

swavleba Teoriuli sakiTxebisadmi gamartivebuli meTodiT midgomas, 
Sesabamisi amocanis dasmis, Sedegebis interpretaciis da praqtikuli 
sakiTxebis Seswavlisas maTi gamoyenebis unar-Cvevebis ukeT gamomuSavebas 
iTvaliswinebs. elementebis qimiis swavleba ise aris agebuli, rom 
aqcentebi upiratesad gadatanilia Sesabamisi zogadi kanonzomierebebis 
Semecnebaze, umniSvnelovanes nivTierebaTa miRebis ZiriTad, Tanamedrove 
teqnologiebis Seswavlaze, naerTTa garkveuli tipebis da klasebis 
specifikuri da zogadi Tvisebebis SedarebiTi interpretaciis meTodze 
Tanamedrove teqnologiebSi maTi gamoyenebis SesaZleblobis CvenebiT, 
dargis perspeqtiuli ganviTarebis xedvis unar-Cvevebis gamomuSavebaze. 
elementebis qimiis swavleba agebulia saskolo swavlebidan umaRles 
skolaSi swavlebis uwyvetoba-inovaciis Serwymis principiT: tipuri ara-
metalebis qimia → gardamavali elementebis qimia → tipiuri metalebis 
qimia. 

saprogramo masala mTlianad Seesabameba aSS da evropis universite-
tebSi gamoyenebul cnobil mecnierTa mier Seqmnil saxelmZRvaneloebs.  

Teoriuli sakiTxebis Seswavlisas gaTvaliswinebulia fizikis da 
umaRlesi maTematikis Sesabamisi winmswrebi sakiTxebis codnis    
aucilebloba.                                                                       

 
                  profesori nodar lekiSvili 
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Sesavali 
 

araorganuli qimia fuZemdebluri disciplinaa. maszea dafuZnebuli 
qimiis sxva dargebi da misi ganviTareba mniSvnelovnad gansazRvravs am 
ukanasknelTa progress. maTematikasTan SedarebiT, qimia ufro konserva-
tiuli dargi aRmoCnda. is Camoyalibda gacilebiT adre, Tumca misi, 
rogorc calke dargis Camoyalibeba, faqtiurad XIX saukeneSi moxda. am 
process win uswrebda mTeli rigi saintereso aRmoCenebi, ramac seriozu-
li fundamenti moamzada Tanamedrove qimiis da kerZod, araorganuli qi-
miis CamoyalibebisTvis. Tavdapirvelad viTardeboda qimiis is mimarTule-
bebi, romelic kacobriobis civilizaciis gariJraJidan moyolebuli 
dRemde erT-erT prioritetul mimarTulebad iTvleba: maRaltemperatu-
ruli qimia (metalurgia), samedicino, kosmetikuri qimia da sakvebis qimia, 
Tumca am dargebis ganviTareba ufro empiriul xasiaTs atarebda da se-
riozul mecnierul safuZvlebs moklebuli iyo. sainteresoa, rom qarTve-
lebs am dargebis ganviTarebaSi Rirseuli wvlili aqvT Setanili (xali-
buri foladis damzadeba, Rvinis warmoebis tradiciebi da sxv.). qimiis 
ganviTarebis warmatebul etapebad SeiZleba ganvixiloT egviptelebis 
mier pigmentebis da bunebrivi nivTierebebis bazaze unikaluri saRebrebis 
Seqmna, romelTac dros gauZles, galebis mier sapnis, Cinelebis mier den-
Tis damzadeba, madnebidan oqros gamoyofis meTodebis SemuSaveba, para-
celsiusis gamokvlevebi qimiuri elementebis bioaqtiurobis da samkurna-
lo Rirebulebis dadgenis mimarTulebiT, mogvianebiT veleris ori didi 
aRmoCena (dicianis da Sardovanas sinTezi), ramac gardamtexi roli Seas-
rula qimiis swrafi tempebiT ganviTarebaSi. gansakuTrebul aRmoCenebs 
miekuTvneba radioaqtiurobis aRmoCena, ramac didi roli Seasrula fun-
damenturi qimiis ganviTarebaSi. 

araorganuli qimiis sruliad axal, principul etaps warmoadgenda 
araorganuli klasebis – tuteebis, mineraluri mJavebis da marilebis 
warmoebis teqnologiebis Seqmna, ramac fasdaudebeli roli Seasrula 
teqnikuri progresis ganviTarebaSi. qimiis ganviTarebis gzaze naxtomi-
sebr etaps warmoadgens sruliad Tanamedrove, avangarduli (birTvuli, 
nano-, fento) teqnologiebis SemuSaveba sxvadasxva araorganuli nivTie-
rebebis bazaze, axali tipis maRalefeqturi metalkompleqsuri homogenu-
ri katalizatorebis, xelmisawvdom temperaturul reJimSi momuSave ara-
organuli da organul-araorganuli zegamtarebis, maRalefeqturi biosa-
medicino preparatebis, fulerenis nawarmebis da sxva mniSvnelovani naer-
Tebisa da masalebis Seqmna. araorganul qimiaSi fundamenturi codnis 
daufleba saSualebas mogvcems Tavad SevitanoT Rirseuli wvlili mis 
ganviTarebaSi, xeli SevuwyoT kacobriobis codnis saganZuris gamdidre-
bas da adamianis mudmivad mzardi moTxovnilebebis dakmayofilebas. yove-
live es moamzadebs Cveni planetis mosaxleobas saTanado codniT Seiara-
Rebuli Sexvdes im problemebs, rac mosalodneli sanedleulo bazis 
SemcirebiT, energetikuli krizisiT da ekologiuri katastrofiT iqneba 
ganpirobebuli. 

rogorc zogadi qimiis SesavalSi aRvniSneT, araorganuli qimiis gan-
viTarebam arsebiTad ganapiroba qimiis momijnave axali dargebis Camoya-
libeba. Seiqmna da warmatebiT viTardeba iseTi dargebi, rogorebicaa   
geoqimia, hidroqimia, ekoqimia, radioqimia, nanoqimia, kosmoqimia da sxva. 
am dargebis ganviTarebiT adamians ufro meti SesaZleblobebi mieca, 
kidev ufro Rrmad Cawvdomoda bunebis amoucnob mraval saidumloebas da 
xeli Seuwyo teqnikuri progresis arnaxul, maRal dones. 
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pirveli Tavi 
 

wyalbadi 
 
 
 

wyalbadi perioduli sistemis pirveli elementia. is aRmoaCina henri 
kavendiSma 1766 wels. sxva elementebTan SedarebiT mis atoms yvelaze 
martivi aRnagoba aqvs _ Sedgeba birTvisa da mis garSemo moZravi 
erTaderTi eleqtronisagan. misi eleqtronuli konfiguraciaa 1s1. misi 
erTaderTi eleqtroni, yvela sxva elementisagan gansxvavebiT, imyofeba 
mxolod birTvis uSualo moqmedebis sferoSi, radgan mis atomSi ar 
arsebobs sxva eleqtroni. am eleqtronis dakargvisas is warmoqmnis 
umartives nawilaks, protons. 

ra Tqma unda, atomis martivi aRnagoba ar niSnavs wyalbadis qimiis 
simartives. mas axasiaTebs bevri saintereso Tviseba, romlebic mniSvne-
lovnad gansxvavdeba yvela danarCeni elementebis Tvisebisagan. 

swored atomis aRnagobis specifikidan gamomdinare, ar xerxdeba 
perioduli sistemaSi misi moTavsebis calsaxa gadawyveta. misi atomis 
savalento eleqtronebis ricxvidan gamomdinare, is moTavsebuli unda 
iyos perioduli sistemis I jgufSi tute metalebTan erTad, rac garkve-
ulad SeiZleba gamarTldes wyalbadis da tute metalebis speqtrebis 
msgavsebiT. garda amisa, tute metalebis msgavsad, xsnarebSi wyalbad-
ionic hidratirebul mdgomareobaSia. magram H+ (protoni) sruliad 
gansxvavdeba tute metalebis ionebisagan. amasTan, wyalbadis atomis 
ionizaciis energia gacilebiT aRemateba tute metalebis atomTa 
ionizaciis energias. 

Tu gaviTvaliswinebT imas, rom gare Sris Sesavsebad wyalbadis 
atoms, halogenebis msgavsad, erTi eleqtroni aklia, is SeiZleba 
moTavsdes halogenebTan erTad VII jgufSi. halogenebs wyalbadi 
ionizaciis maRali energiiTac hgavs. 

aqedan gamomdinare, cxadia, rom wyalbadi aris gansakuTrebuli 
elementi da misi moTavseba zemoT aRniSnul romelime jgufSi pirobiTia. 

ionizaciis maRali energiis gamo (1312 kj/moli) misi naerTebi iseT 
Zlier mJangavebTanac ki, rogoric fTori da Jangbadia ionuri ar aris. 

wyalbadi arametalia, misi JangviTi ricxvi naerTebSi (+1) an (-1)-ia. am 
saxiT is zogierT metalTan warmoqmnis ionur naerTebs (NaH, CaH2 . . . ). 

wyalbadi bunebaSi farTod aris gavrcelebuli _ dedamiwaze 3,0%-ia 
(moluri wili); Sedis wylis, Tixebis, qvanaxSiris, mura naxSiris, 
navTobis, bunebrivi airis da mcenareuli da cxoveluri organizmebis 
SedgenilobaSi. wyalbadi dedamiwaze Tavisufal mdgomareobaSi Zalian 
iSviaTad gvxvdeba. is haerSi ozoniT da sxva mJangavebiT iJangeba wylis 
warmoqmniT. wyalbadi kosmosSi yvelaze metad gavrcelebuli elementia. 
is mzisa da bevri varskvlavis masis naxevars Seadgens. mzis sistemis 
giganturi planetebi _ iupiteri da saturni ZiriTadad wyalbadisagan 
Sedgeba. is Sedis bevri planetis atomosferoSi. 

 

cxrili 1. wyalbadis izotopebi 
 

proTiumi deiteriumi triTiumi 

H1
1  

(P)e 
H2

1  

(P+n)e 
H3

1  

(P+2n)e 
 

 

proTiumi da deiteriumi stabiluri izotopebia. maTi Tanafardoba 
bunebriv wyalbadSi aris P:D = 6800:1 (atomTa ricxvis mixedviT). triTiumi 
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β _ radioaqtiuri izotopia; is ganicdis β-radioaqtiur gardaqmnas He3
2 -

is warmoqmniT: 

T3
1 → He3

2  + β¯ 
 

varaudoben, rom es reaqcia aris atmosferoSi He3
2 -is warmoqmnis mTa-

vari wyaro. triTiums mcire raodenobiT Seicavs haeri da atmosferuli 
naleqebi. misi arseboba kosmosuri sxivebis moqmedebiT haerSi mimdinare 
birTvuli reaqciebiT unda iyos gamowveuli. 

triTiumi gamoiyeneba wyalbadis bombSi, romlis afeTqebisas 
mimdinare TermobirTvuli reaqcia Semdegi sqemiT gamoisaxeba: 

 

D2
1 + T3

1 → He4
2 + n1

0  
 

am reaqcias kolosaluri raodenobiT energiis gamoyofa axlavs. 
deiteriumi da triTiumi TermobirTvuli sinTezis reaqciebis mTavari 

komponentebia. triTiums Rebuloben Li6
3 -is neitronebiT dabombviT. 

liTiumi ori izotopis narevia _ Li6
3  da Li7

3 . am narevidan gamoyofen Li6
3 -s 

da Semdeg misi gardaqmniT Rebuloben triTiums. 
triTiumi SeiZleba agreTve warmoiqmnas deiteriumis TermobirTvuli 

gardaqmniT: 

22D → 31H + 
 
proTiumi, deiteriumi da triTiumi mniSvnelovnad gansxvavdebian (sxva 

elementebis izotopebisagan gansxvavebiT) TavianTi fizikuri da qimiuri 
TvisebebiT, rac ZiriTadad maTi masebis didi gansxvavebiT aris 
gamowveuli. gansxvavebulia maTi lRobisa da duRilis temperaturebi, 
aseve qimiuri Tvisebebic _ reaqciisunarianoba, warmoqmnili naerTebis 
struqtura, wyalbaduri bmebis simtkice da a.S. 

 

miRebis meTodebi da gamoyeneba: ramdenadac wyalbadis JangviTi 
ricxvi naerTebSi (+1) an (-1)-ia, Tavisufal mdgomareobaSi mis misaRebad 
Jangva-aRdgeniT procesebs iyeneben: 

 

0
2

-2e- H2H ⎯→⎯   2H+ +2e H2
0
 

daJangva                        aRdgena 
 

laboratoriaSi wyalbads Rebuloben TuTiaze ganzavebuli maril-
mJavas an gogirdmJavas moqmedebiT (reaqcias atareben kipis aparatSi): 

    Zn + 2HCl → ZnCl2 + H2↑ 
    Zn + H2SO4 → ZnSO4 + H2↑ 
mrewvelobaSi wyalbads ZiriTadad bunebrivi airidan Rebuloben: 

CH4 + H2O 8000C
CO + 3H2  

CO + H2O ⇄ CO2 + H2 

CH4
10000C

C + 2H2  
2CH4

15000C
C2H2 + 3H2 (narevis swrafi gacivebiT)  

narevis swrafi gacivebisas acetileni iSleba Wvartlis da wyal-
badis warmoqmniT: 

C2H2 → 2C + H2 

1
1p
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ukanaskneli ori reaqcia gamoiyeneba agreTve Wvartlis (muri) misaRe-
bad, romelic poligrafiasa da rezinis warmoebaSi (Semavseblad) 
gamoiyeneba. 

naxSirwyalbadovani nedleulis maragis Semcirebis gamo ekonomiurad 
ufro xelsayrelia misi miReba wylis orTqlis naxSiriT konversiiT: 

C + H2O → CO + H2 
miRebul airTa narevs `wyalgazi~ ewodeba. 
wyalbads Rebuloben agreTve ionuri hidridebis hidroliziT da 

wylis eleqtroliziT: 
CaH2  + 2H2O  → Ca(OH)2 + 2H2 

2H2O → 2H2 + O2   
(eleqtrolitebis TandaswrebiT) 

 
es xerxi aseve gamoiyeneba sufTa Jangbadis misaRebad. 
wyalbadi farTod gamoiyeneba qimiur mrewvelobaSi amiakis, meTa-

nolis, qlorwyalbadis misaRebad, Txevadi da myari sawvavis 
hidrogenizaciisaTvis, agreTve cximebis hidrogenizaciisaTvis, wyalbadis 
JangbadSi wvisaTvis damaxasiaTebelia maRali temperatura (26000C), ris 
gamoc SesaZlebelia misi gamoyeneba ZneladlRobadi metalebis da 
kvarcis saWrelad. Txevadi wyalbadi gamoiyeneba, rogorc efeqturi 
reaqtiuli sawvavi. 

amJamad SeiniSneba wyalbadiT, rogorc `ekologiurad sufTa~ sawva-
viT gansakuTrebuli daintereseba. samomavlod, rogorc Cans, wyalbadi 
gaxdeba energiis erTierTi alternatiuli wyaro. 

atomur energetikaSi gamoiyeneba deiteriumi da triTiumi. 
 

wyalbadis naerTebi ionuri bmiT (H¯): am SemTxvevaSi wyalbadi 
gamodis mJangavis rolSi (rogorc halogenebi), magram halogenebisagan 
gansxvavebiT, wyalbadis molekulebisagan H¯-ionis warmoqmna endoTer-
muli procesia. H¯-is warmoqmnis enTalpia aris 144,7 kj/moli. amitom 
wyalbadis mJangavi unari mniSvnelovnad dabalia halogenebis mJangav 
unarTan SedarebiT. 

I jgufis s-elementebis hidridebi, iseve, rogorc maTi halogenidebi, 
NaCl-is tipis struqturas qmnis. ionuri hidridebi fuZe bunebis maRali 
lRobis temperaturis mqone kristaluri nivTierebebia. maTi nalRobebi 
gamoirCevian maRali eleqtrogamtarobiT. eleqtrolizis dros wyalbadi 
anodze gamoiyofa. maTi fuZe buneba hidrolizis reaqciebiT dasturdeba: 

 

KH + H2O → KOH + H2 
CaH2 + 2H2O → Ca(OH)2 + H2 
 

H¯ erT-erTi Zlieri aRmdgenia, amiტom ionuri hidridebi rogorc mar-
tivi, aseve kompleqsuri Zlieri aRmdgenebia. 

 

wyalbadis naerTebi kovalenturi bmiT: masze maRali eleqtro-
uaryofiTobis mqone atomebs wyalbadi kovalenturi bmiT ukavSirdeba. 
aseTi naerTebi mravalricxovania. maT Soris aris airebi (HCl, HBr, H2S, 
NH3), siTxeebi (H2O, HNO3, H2SO4) myari nivTierebebic (H3PO4, H3BO3). 
eleqtrouaryofiTi elementis bunebidan gamomdinare, am naerTebis Tvise-
bebi mniSvnelovnad gansxvavebulia. magaliTad, hidridebi SiH4 da BH3 
mJava bunebis naerTebia, rasac maTi hidrolizis da fuZe hidridebTan 
urTierTqmedebis reaqciebi adasturebs: 

 

SiH4 + 3HOH → H2SiO3 + 4H2 
LiH + BH3 → Li[BH4] 
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H:- +      B:H..
..H

H
H:B:H..

H

..H -

donori
aqceptori  

 

azotis wyalbadnaerTi _ amiaki, fuZea, qlorwyalbadis wyalxsnari ki 
Zlieri mJavaa. wyalbadis kovalentur naerTebs, romlebic protonebis 
donoria, protonul mJavebs an ubralod mJavebs uwodeben. protonuli 
mJavebi or did jgufad iyofa: oqsomJavebi, romlebSic wyalbadi centra-
lur atomTan Jangbadis saSualebiT aris bmuli (X – O – H) da binaruli 
mJavebi, sadac wyalbadi uSualod aris bmuli centralur atomTan (HCl, 
HF, H2S, . . .). wyalbadionebi wyalxsnarebSi hidratirebulia. mis hidrats 
aqvs H3O+ Sedgeniloba (hidroqsonium-ioni). wyalbadionebis koncentracia 
wyalxsnarebSi wyalbadis maCvenebliT ganisazRvreba, e.w. pH-iT. pH= -lg[H+], 
sadac [H+] aris wyalbadionebis aqtivoba, romelSic igulisxmeba H+-is 
koncentracia Zalian ganzavebul xsnarebSi 250C-ze. 

 

OH2
K = [H+][OH¯] = 1· 10-14 

es sidide mniSvnelovnad aris damokidebuli temperaturaze. roca 
[H+]=[OH¯], xsnari neitraluria da [H+]= 10-7, e.i. pH=7. 

amasTan, unda aRiniSnos, rom nivTierebis fuZe-mJavuri buneba damoki-
debulia gamxsnelis bunebaze. magaliTad, azotmJava wyalxsnarSi Zlieri 
mJavaa (protonis donoria).  

                    
HNO3  + H2O NO3

- + H3O+
 

xolo Txevad ftorwyalbadSi gaxsnili, fuZea (H+ _ aqceptoria): 
 

HNO3 + HF → [H2NO3]+ + F¯ 
 

wyalbadis naerTebi metaluri bmebiT: wyalbadis naerTebi d- da f- 
elementebTan xasiaTdebian metaluri TvisebebiT. isini arasteqiometruli 
naerTebia. maTi Sedgeniloba gamoisaxeba formulebiT MH (NbH, TaH), MH2 
(TaH2, ZrH2, HfH2) da MH3 (UH3, PaH3). es naerTebi garegnulad metals gavs. 
maT metalebis msgavsad axasiaTebs maRali siTbo- da eleqtrogamtaroba. 

metalTa hidridebis warmoqmna dakavSirebulia entropiis Semcirebas-
Tan, radgan myari da airadi nivTierebebidan miiReba myari hidridi. 
amitom, metalidan da wyalbadidan sinTeziT hidridis miReba mxolod 
maSin aris SesaZlebeli, roca didi raodenobiT energiis gamoyofas aqvs 
adgili. winaaRmdeg SemTxvevaSi d- da f- elementebis hidridebi 
arapirdapiri gziT miiReba. 
 

naerTebi wyalbaduri bmiT: maRali eleqtrouaryofiTobis mqone 
atomebTan (F, O, N) dakavSirebul wyalbadis atoms unari aqvs 
daukavSirdes meore molekulis maRali eleqtrouaryofiTobis mqone 
elementis atoms damatebiT e.w. wyalbaduri bmiT, romlis arsebobac 
nivTierebaTa Tvisebebze mniSvnelovan gavlenas axdens. 

 

CH3 C

O

HO O

C CH3

OH

 
 

naerTi molekulaTaSorisi wyalbaduri bmiT 
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O

N
O

O

H

 
naerTi Sidamolekuluri  wyalbaduri bmiT 

 
 
xiduri wyalbaduri bmebi eleqtrondeficitur naerTebSi: 

H
B

H

H

H
B

H

H
 

 
qimiuri Tvisebebi: miuxedavad H – H bmis maRali energiisa, wyalbadi 

sakmaod maRali reaqciisunarianobiT xasiaTdeba. magaliTad, Txevadi 
wyalbadi moqmedebs fTorTan -2500C-ze, Zlieri afeTqebiT: 

 

H2 + F2 → 2HF 
 

qlorTan moqmedebs sinaTleze, bromTan da iodTan gacxelebiT. 
gogirdTan wyalbadi 2500C-ze Sedis reaqciaSi: 

 

H2 + S ⇄ H2S 
 

azotTan _ 4500C-is zemoT, katalizatoris Tanaobisas: 
 

N2 + 3H2 ⇄ 2NH3 
 

metalebTan misi reaqcia metalis bunebisagan damokidebulebiT 
sxvadasxva pirobebSi mimdinareobs. 

JangbadTan wyalbadi maRal temperaturaze moqmedebs, reaqcia mimdina-
reobs didi raodenobiT energiis gamoyofiT da axlavs afeTqeba: 

 

2H2 + O2  → 2H2O 
 

wyalbadis da Jangbadis narevs 2:1 moluri TanafardobiT mgrgvinavi 
airi ewodeba.  

dadgenilia, rom zemoaRniSnuli reaqcia Tavisufal-radikaluri 
jaWvuri meqanizmiT mimdinareobs: 

 

H2 + hν  → 2H· 
H· + O2 → OH· + O· 
OH· + H2 → H2O + H· 
O· + H2 → OH· + H· 
 

wyalbadsa da Jangbads Soris reaqciis inicireba SeiZleba ara marto 
maRali temperaturiT, aramed katalizatoriTac. magaliTad, daqucmace-
buli platiniT. 

maRal temperaturaze wyalbads Jangbadis `warTmeva~ rTuli nivTiere-
bebidanac SeuZlia. magaliTad, metalTa oqsidebidan. gaxurebul 
spilenZis oqsidze wyalbadis gatarebisas aRdgeba metaluri spilenZi 
(Savi feris oqsidi wiTldeba spilenZis aRdgenis gamo): 

CuO + H2 → Cu + H2O 
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amitom wyalbadi gamoiyeneba metalurgiaSi zogierTi feradi metalis 
maTi oqsidebidan misaRebad. 

molekulurTan SedarebiT gacilebiT aqtiuria atomuri wyalbadi. 
igi Cveulebriv temperaturaze aRadgens bevr metals misi oqsididan, 
Cveulebriv temperaturaze uerTdeba gogirds, Jangbads (romelTanac 
wyalbadis peroqsids warmoqmnis).  

atomuri wyalbadi swrafad aRadgens kaliumis permanganats: 

2KMnO4 + 10H +  3H2SO4 → K2SO4 + 2MnSO4 + 8H2O 
kaliumis permanganatis gogirdmJavaTi SemJavebul xsnarSi TuTiis 

marcvlebis moTavsebisas, xsnari swrafad uferuldeba Mn2+-ionebis 
warmoqmnis gamo, maSin, roca igive xsnaris gasauferuleblad, kipis 
aparatidan gamomavali wyalbadis saaTobiT gatarebaa saWiro. 

 

hidriduli kompleqsebi: bevri elementisaTvis aris cnobili 
hidriduli kompleqsebi. maT Soris mniSvnelovania boris, aluminis, 
galiumis Semdegi Sedgenilobis hidriduli kompleqsnaerTebi: Li[AlH4], 
Na[BH4], Li[GaH4] da a.S. 

aRniSuli kompleqsnaerTebi Seicavs tetraedruli aRnagobis [EH4]¯-
ions. es hidridebi SeiZleba formalurad ganvixiloT, rogorc H¯-is 
(hidrid-ionis) koordinaciis produqti kovalentur hidridebTan: 

H¯ + AlH3 → [AlH4]¯ 
Termuli mdgradobis mixedviT maTi dalageba aseTi rigiT SeiZleba: 

BH −
4 >AlH −

4 >GaH −
4  (e.i. rigSi kompleqsis mdgradoba marcxnidan marjvniv 

mcirdeba). 
Na[BH4] wyliT nawilobriv hidrolizdeba, maSin, rodesac [AlH4]¯ da 

[GaH4]¯-is nawarmebi wyalTan afeTqebiT Sedian reaqciaSi. 
dadgenilia, rom am kompleqsebSi gare sferos kationTan ionuri bma 

realurad iSviaTad xorcieldeba (mag., Na[BH4]), umravles SemTxvevaSi es 
bmebi kovalenturi xasiaTis aRmoCnda. 

hidridul kompleqsebs Semdegi reaqciebiT Rebuloben: 
4LiH + AlCl3 →Li[AlH4] + 3LiCl 
2LiH + B2H6 → 2Li[BH4] 

hidriduli kompleqsebi gardamavali metalebisTvisac aris cnobilia 
magram es kompleqsebi aramdgradia da maTi sinTezi rTulia. 
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meore Tavi 
 

perioduli sistemis VII jgufis p-elementebis 
(halogenebis) zogadi daxasiaTeba 

 
 halogenebi VII jgufis elementebia: fTori (F), qlori (Cl), bromi (Br), 

iodi (I), astati (At). sityva halogeni `marilwarmomqmnels~ niSnavs, rac 
dakavSirebulia am elementebis metalebTan urTierTqmedebisas tipuri 
marilebis warmoqmnis unarTan. 

 
cxrili 2. halogenebis atomTa eleqtronuli konfiguraciebi 

 

F [He]   2s2   2p5 
Cl [Ne]   3s2   3p5 
Br [Ar]   4s2   4p5 
I [Kr]   5s2   5p5 

At [Xe]  6s2   6p5 
 

gare eleqtronul SreSi maT Svid-Svidi eleqtroni aqvT. isini 
tipuri arametalebia. gareswina Sre ki F-sa da Cl-s inertuli airebis 
msgavsi, dasrulebuli, Sesabamisad 2 da 8 eleqtroniani, Br-sa da I-s ki 18 
eleqtroniani aqvT. es gansxvaveba maT TvisebebSi aisaxeba. 

halogenebi, sxva kenti atomuri nomris mqone elementebis msgavsad, 
xasiaTdebian mdgradi izotopebis mcire raodenobiT. ori maTgani _ 
fTori da iodi ki am TvalsazrisiT `martoxela~ elementebs miekuTvneba. 

rigSi F, Cl, Br, I, At atomuri radiusebi izrdeba. fToris atomi gansa-
kuTrebulad mcire radiusiT gamoirCeva, ramdenadme didia qloris 
atomis radiusi, xolo iodis da gansakuTrebiT astatis atomis 
radiusebi mniSvnelovnad gazrdilia. atomis radiusebis zrdis Sesaba-
misad mcirdeba maTi atomebis ionizaciis energia da eleqtrouaryofi-
Toba. amasTan dakavSirebiT, mcirdeba arametaluri Tvisebebi da iodSi 
gansakuTrebiT ki astatSi Tavs iCens metalis zogierTi Tviseba. 

atomuri nomris zrdis mimarTulebiT halogenebis lRobisa da duRi-
lis temperaturebi monotonurad izrdeba. halogenebi xasiaTdeba 
molekuluri kristaluri mesriT. rogorc cnobilia, molekulebs Soris 
moqmedebs molekulaTaSorisi (vander-vaalsuri) urTierTqmedebis Zalebi, 
romlebic ZiriTadad deformaciuli da orientaciuli xasiaTisaa, rac 
ufro axloa birTvTan gare Sris eleqtronebi, miT ufro Zlieria maT 
Soris arsebuli mizidvis Zalebi da miT ufro xisti da naklebad 
deformirebadia isini. piriqiT, atomuri radiusis zrda eleqtronebs 
birTvis gavlenisagan aTavisuflebs, ris gamoc isini ufro 
deformirebadi xdebian, rac molekulebs Soris mizidvis Zalebs zrdis. 
swored amitom fTori da qlori, romelTa molekulebs Soris mizidvis 
Zalebi sustia, airebia, xolo bromsa da iodSi atomTa radiusebis zrdis 
gamo, gaizarda ra polarizebadobis unari, gaizarda molekulebs Soris 
urTierTqmedebis Zalebi da Sesabamisad Seicvala agregatuli mdgoma-
reobac _ bromi siTxea, iodi ki myari nivTiereba. 

atomuri kristaluri mesris mqone nivTierebebSi, piriqiT _ atomuri 
radiusebis zrda, atomTa Soris arsebuli kovalenturi bmis energiebs 
amcirebs, ris Sesabamisadac nivTierebaTa lRobisa da duRilis 
temperaturebi mcirdeba.  
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atomuri radiusebis zrdasTan dakavSirebuli eleqtronuli struqtu-
ris cvlileba ganapirobebs agreTve halogenTa Seferilobis 
cvlilebasac _ Ria mwvanidan muq Savamde. F2 _ Ria mwvane, moyviTalo 
airia, Cl2 _ yviTel-mwvane feris airia, Br2 _ mura wiTeli feris siTxea 
da I2 _ muqi Savis feris kristaluri nivTiereba. 

yvela halogens aqvs damaxasiaTebeli suni da yvela maTgani momwam-
lavia. 

halogenebi mdgradia oratomiani molekulebis saxiT: F2, Cl2, Br2, I2. neit-
raluri atomebidan molekulebis warmoqmna dakavSirebulia gansazRv-
ruli raodenobis energiis mogebasTan (gamoyofasTan).  

 
cxrili 3. 

 

     
 
 
 
 

 
aqedan gamomdinare, molekulaSi bmis maqsimaluri energiiT 

xasiaTdeba Cl2-is molekula. F2-Si ki bmis energia gacilebiT dabalia. 
amis erT-erTi mizezi, qlorisagan gansxvavebiT F-is atomebSi d-
orbitalebis ararsebobaa, ris gamoc Cl2-isagan gansxvavebiT F2-is 
molekulebSi atomebs Soris damatebiTi bmebis warmoqmna ar xerxdeba. 
garda amisa, mizezi fToris atomebis mcire radiusebic SeiZleba iyos, 
ris gamoc, molekulebis warmoqmnisas adgili unda hqondes Sida 
garsebis aramakavSirebeli eleqtronebis Zlier urTierTganzidvas, rac 
agreTve iwvevs bmis energiis Semcirebas. 

rogorc aqtiuri elementebi, halogenebi bunebaSi mxolod naerTebis 
saxiT aris gavrcelebuli. maTi naerTebis gavrcelebis formebi da 
izotopuri Sedgeniloba mocemulia cxrilSi 4. 

 
cxrili 4. halogenebis gavrceleba. izotopuri Sedgeniloba  

da ZiriTadi mineralebi 
 

stabiluri izotopebi 

el
em
en
t
i masuri  

ricxvi 
izotopebis 
Semcveloba, 

% 

radioaqtiuri
izotopebi 

mniSvnelovani 
mineralebi 

F 19 100 17F, 18F, 20F  
da sxv. 

CaF2 _ fluoriti 
Na3AlF6 _ krioliTi 
Ca5(PO4)3F _ apatiti 

Cl 35
37  

75,4
24,6  

34Cl, 36Cl, 38Cl  
da sxv. 

NaCl _ galiti 
KCl _ silvini 

NaCl•KCl _ silviniti 

Br 79
81  

50,6
49,4  

78Br, 80Br, 82Br  
da sxv. 

mlaSe tbebis wyali, 
zRvis wyali 
(0,00001%) 

I 127 100 125I, 128I  
da sxv. 

navTobis wylebi 
(0,006-0,4%) 

At _ _ 208At, 210At 
da sxv. 

_ 

molekula F2 
 

Cl2 Br2 I2 

gamoyofili 
energia, 
kkal/moli 

37,7 57 45 35,5 
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halogenebi warmoqmnian naerTebs (-1) JangviTi ricxviT da dadebiTi  
JangviTi ricxvebis farTo arCevaniT: -1, +1, +3, +4, +5, +7 (oqsidebi, oqso-
mJavebi da maTi marilebi). 

 
2.1. fTori 

 

1S22S2 2P5

2P2S
E

 
fToris, rogorc yvelaze maRali eleqtrouaryofiTobis mqone 

elementis  Jangvis ricxvi naerTebSi yovelTvis (-1)-is tolia. 
fToris bunebrivi naerTebidan aRsaniSnavia: CaF2-mlRobi Spati (flu-

oriti), Na3AlF6 _ krioliTi,  Ca5(PO4)3F _ pTorapatiti. bunebaSi gavrcelebu-
lia fToris mxolod erTi izotopi _ 19F.  xelovnurad miRebulia misi 
aramdgradi izotopebi masuri ricxvebiT 16-dan 21-mde.  

F2-is molekulaSi bmis rigi erTis tolia. 
 

E

F

2p

mo

F2

F

mo

ao

σz

σz
*

πx
* πy

*

πx πy

2p

 

 
Cveulebriv pirobebSi fTori Ria mwvane-moyviTalo feris, mkveTri su-

nis airia. igi gamoirCeva gansakuTrebuli qimiuri aqtiurobiT. uZlieresi 
mJangavia. fTori yvelafers `Wams~. gansakuTrebuli qimiuri aqtiuroba 
misi molekulebis atomebad disociaciis dabali energiiT aixsneba. sxva 
elementebTan fToris atomebis bmis energiebi ki, piriqiT, gansakuTrebu-
lad maRalia (H – F bmis energia 135 kjoul/molia, H – Cl ki 103 kj/moli). 

fTori metalTa umravlesobasTan Cveulebriv pirobebSi moqmedebs. 
Tumca zogierT SemTxvevaSi am urTierTqmedebas xels uSlis metalis 
fToridis mkvrivi afskis warmoqmna, romelic metals misi Semdgomi 
moqmedebisgan icavs. magaliTad, ase pasiurdeba fToris mimarT Ni, Cu, Mg. 
isini (sinestis gamoricxvis pirobebSi) fToris mimarT praqtikulad 
mdgradia. 

rac Seexeba fToris naerTebs arametalebTan, isini adviladaqrola-
debia, amitom, maTi warmoqmna arametalis zedapirs ver icavs fToris 
Semdgomi moqmedebisagan, ris gamoc arametalebTan fToris reaqciebi 
zogjer gacilebiT energiulad mimdinareobs. magaliTad, siliciumi, 
fosfori da gogirdi fToris areSi aldeba umaRlesi fToridebis 
wamroqmniT. 

Si + 2F2 → SiF4 
2P + 5F2 → 2PF5 
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S + 3F2 → SF6 
aseve moqmedebs fTori xis naxSirTan, grafitTan ki wiTeli 

varvarebis temperaturaze Sedis reaqciaSi. 
fTori inertul airebsac ki Jangavs (XeF4, KrF4): 

Xe + 2F2 → XeF4  
wyalbadTan dabal temperaturaze da sibneleSic ki afeTqebiT Sedis 

reaqciaSi: 
H2 + F2 → 2HF  

igi bevr rTul nivTierebasac arTmevs wyalbads: 
F2  +H2O  → (HF)2 + O 

gamoyofili Jangbadis atomebi erTmaneTs uerTdeba O2-is molekule-
bis warmoqmniT (O3-is warmoqmnasac aqvs adgili). zemoaRniSnuli reaqcii-
dan gamomdinare, fToriani wyali ar mzaddeba. 

fToris areSi SiO2-ic iwvis aseve Jangbadis gamoyofiT: 
2F2 + SiO2 → SiF4 + O2 

bunebaSi yvelaze metad gavrcelebuli ori naerTi _ wyali da SiO2 
fToris areSi iwvis Jangbadis gamoyofiT. 

fTori ar warmoqmnis naerTebs heliumTan, neonTan da argonTan. uSua-
lod ar moqmedebs azotTan. 

 

fToris mniSvnelovani naerTebi: fTorwyalbadi, fTorwyalbadmJava, 
fToridebi da fToris Semcveli anionuri kompleqsebi. fTorwyalbads 
kalciumis fToridze gogirdmJavas moqmedebiT Rebuloben aRniSnuli 
narevis gacxelebiT: 

CaF2 + H2SO4  → CaSO4 + 2HF↑ 
HF ufero, mkveTri sunis mqone airia (190C-s zemoT). misi molekulebi 

asocirebulia wyalbaduri bmebiT: 
 

                                          F
H ...... F

H ...... F
H

 
 

airadi fTorwyalbadic ki Sedgeba dimeris, trimeris da a.S. narevisa-
gan. 900C-is zemoT igi martivi molekulebisagan Sedgeba. Cveulebriv pi-
robebSi HF mbolavi siTxea. misi molekulebis polaroba maRalia. amitom 
Txevadi HF Zlieri maionizirebeli gamxsnelia. masSi kargad ixsneba I 
jgufis s-elementebis fToridebi, sulfatebi, nitratebi. SedarebiT 
cudad ixsneba II jgufis s-elementebis analogiuri naerTebi. amasTan 
gaxsnili nivTierebebi arTmeven ra HF-s protons zrdian [HF2]⎯-ionebis 
koncentracias. e.i. isini avlenen fuZe bunebas HF-is mimarT:  

KNO3 +2HF → K+ + HF −
2
 + HNO3 

HCl da HNO3-ic  HF-is mimarT fuZis rolSi gamodian:  
HCl +2HF → [ClH2

 ]+ +[ HF2]¯  
 HNO3+2HF → [NO3 H2

 ]+ +[ HF2]¯  
wyalSi indiferentuli spirti, HF-Si gaxsnili Zlieri fuZea: 

        C2H5OH + 2HF → [C2H5OH2]+  +[HF2]¯   
mJava bunebas avlenen HF-Si gaxsnili fTorid-ionebis aqceptorebi: 

BF3 + 2HF → [BF4]¯ + [FH2]+ 

SbF5 + 2HF → [SbF6]¯ + [FH2]+   
 

HF-is disociacia wyalxsnarSi Semdegi sqemiT gamoisaxeba: 
 

HF + H2O ⇄H3O+ + F¯ 
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HF + F¯ ⇄ [HF2] ¯ 
------------------------------- 
2HF + H2O  ⇄ H3O+ + HF −

2  
aqedan gamomdinare, miuxedavad imisa, rom HF erTfuZiani mJavaa, igi 

mJava marilebs warmoqmnis. 
fTorwyalbadmJava saSualo siZlieris mJavaa, rac wyalbaduri bmebiT 

misi molekulebis asociaciiT aris ganpirobebuli. 
fTorwyalbadmJavas gansakuTrebuli Tvisebaa misi moqmedeba minis Se-

madgenel SiO2-Tan _ minis e.w. “amoWma”: 
SiO2 + 4HF → SiF4 + 2H2O 

minaze Txevadi HF-is moqmedebisas  (HF-is siWarbis pirobebSi) reaqcia 
grZeldeba kompleqsuri mJavas warmoqmniT:  

                      SiF4 + 2HF→ H2SiF6  
H2SiF6 Zlieri mJavaa. 
 

HF-is marilebi _ fToridebi da fToris Semcveli anionuri kompleqsebi: 
fToridebi Tavisi bunebiT samnairia: fuZe, amfoteruli da mJavuri.  

NaF, MgF2 – fuZe fToridebi 
AlF3 – amfoteruli fToridi 
SiF4, PF5, SF6, ClF5 _ mJavuri fToridebi 

anionuri kompleqsebi: 
[AlF6]3- ,  [SiF6]2- ,  [PF6]

¯,  [ClF6]
⎯      

ionuri fToridebi kristaluri nivTierebebia maRali lRobis tempe-
raturiT. kovalenturi fToridebi airebi an siTxeebia. 

ionur da kovalentur fToridebs Soris aris fToridebi bmis maRali 
polarobiT, romlebic ionur-kovalentur naerTebad moixsenieba. 
aRniSnuli fToridebi kristaluri naerTebia. 

metalTa (dabali Jangvis xarisxiT) fToridebi miiReba metalTa oqsi-
debTan, hidroqsidebTan da karbonatebTan HHF-is moqmedebiT: 

Al(OH)3 + HF → AlF3 + 3H2O, 

xolo fToridebi metalTa maRali JangviTi xarisxiT miiReba martivi niv-
Tierebis an dabali rigis fToridebis fTorirebiT. 

ClF + F2 → ClF3  
fToridebis umravlesoba wyalSi uxsnadia garda I A jgufis elemen-

tebis fToridebisa (romelTagan LiF aris uxsnadi) da agreTve AgF, HgF2, 
SnF2 da zogierTi sxva. 

qimiuri bunebiT ionuri fToridebi fuZe xasiaTisaa, kovalenturi ki 
_ mJavuri. 

                       NaF + MgF2 → NaMgF3                             (∆G = -14 kj/moli) 
  NaF  +1/3 AlF3 → 1/3 Na3AlF6                         (∆G = -26 kj/moli) 

           NaF +1/2 SiF4 → 1/2Na2SiF6                            (∆G = -51,31 kj/moli) 
fuZe fToridebi hidrolizisas fuZe ares qmnian, mJava fToridebi _ 

mJava ares: 
SiF4 +3H2O→ H2SiO3 + 4HF 

amfoteruli fToridebi reaqciaSi Sedian, rogorc fuZe, ise mJava 
ftoridebTan, kompleqsuri fToridebis warmoqmniT.  

2KF + BeF2 → K2[BeF4] 
BeF2 + SiF4→ Be[SiF6] 

kompleqsuri fToridebi sakmaod mravalferovania. meore periodis 
elementebis koordinaciuli ricxvi fToris mimarT 4-is tolia, danar-
Ceni periodis elementebisaTvis 6-is. cnobilia iseTi kompleqsuri fTo-
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ridebic, sadac kompleqswarmomqmnelis koordinaciuli ricxvi aris 7, 8 
da 9. mag.: K2[NbF7];  K2[WF8]; K2[ReF9] da a.S. 

  cxadia, rom fTori kompleqsebSi stabilizebulia centraluri 
atomis umaRlesi JangviTi ricxviT. Sesabamisi wyalbadnaerTebi HPF6, 
H2SiF6 Tavisufal mdgomareobaSi aramdgradia, maTi wyalxsnarebi ki 
Zlieri mJavebia. 

  

fToris JangbadnaerTebi: sxva halogenebisagan gansxvavebiT, fTori 
Jangbadian mJavebs ar warmoqmnis (wyalTan fToris reaqcia ukve 
ganvixileT). aqedan gamomdinare, tutis ganzavebul (1%-iani wyalxsnari) 
xsnarTan misi reaqcia sxva halogenebisagan gansxvavebulad mimdinareobs: 

2F2 + 2NaOH  → OF2↑ + 2NaF + H2O 
normalur pirobebSi OF2 ufero airia, wyalSi sakmaod ixsneba da am 

dros ar hidratirdeba. F2O-s daSla gacxelebisas mxolod 200-2500C-ze 
zemoT iwyeba. 

miRebulia agreTve O2F2, romelic Zalian aramdgradi da feTqebadi 
myari nivTierebaa. H2O2-is struqturuli analogia.  

 

fToris miReba xerxdeba mxolod misi naerTebis nalRobis eleqtro-
liziT. KF·2HF-is nalRobis eleqtrolis atareben foladis eleqtroli-
zerSi, foladis kaTodisa da naxSiris  anodis gamoyenebiT. F¯-ionebi 
anodze iJangeba: 

2F¯ ⎯⎯ →⎯
−− e2 F2 

SesaZlebelia Tu ara qimiuri gziT fToris miReba. aseTi reaqcia pir-
velad mendeleevis mowafem _ brauerma Caatara. man fTori miiRo 
oTxfToriani ceriumis Termuli daSliT: 

CeF4 → CeF2 + F2 
(t>4000C). Semdeg zogierTi sxva metalis fToridebis Termuli 

daSliTac moxerxda F2-is gamoyofiT. 
2CoF3 → 2CoF2 + F2 

fTori farTod gamoiyeneba sxvadasxva macivaragentebis da polime-
ruli masalebis _ fToroplastebis dasamzadeblad, romlebic gansakuT-
rebuli mdgradobiT gamoirCeva. 

 
 

2.2. qlori 
 

17Cl 1s22s2 2p6 3s2 3p5

3p3s 3d

 
  
Cl2-is molekulaSi (F2-isgan gansxvavebT) atomebs Soris ganxorciele-

bul erT kovalentur bmas emateba (d-orbitalebis monawileobiT) ori da-
matebiTi donorul-aqceptoruli meqanizmiT warmoqmnili bma. amitom Cl2-
is molekulaSi, F2-Tan SedarebiT, bmis energia gacilebiT maRalia. 

qloris JangviTi ricxvi naerTebSi ZiriTadad aris -1, +1, +3, +5, +7. 
qlori tipuri arametaluri elementia. 

miReba: qloris miRebis samrewvelo meTods NaCl-is koncentrirebuli 
wyalxsnaris eleqtrolizi warmoadgens: 
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2NaCl +2H2O ⎯⎯⎯⎯⎯ →⎯ ieleqtroliz 2NaCl + H2↑+ Cl2↑ 
qlori anodze gamoiyofa, xolo kaTodur areSi _ wyalbadi. 
laboratoriaSi qlors Rebuloben koncentrirebul marilmJavaze 

sxvadasxva Zlieri mJangavebis moqmedebiT: 
MnO2 + 4HCl → MnCl2↑ + Cl2 + 2H2O 
2KMnO4 + 16HCl → 2KCl + 2MnCl2 + 5Cl2↑ + 8H2O 
K2Cr2O7 + 14HCl → 2KCl + 2CrCl3 + 3Cl2 + 7H2O 
KClO3  + 6HCl → KCl + 3Cl2↑ + 3H2O 

Cveulebriv pirobebSi qlori yviTel-mwvane feris mkveTri sunis mqone 
airia.  

qlori Zlieri mJangavia. reaqciaSi Sedis metalebTan da 
arametalebis umravlesobasTan (gamonaklisia Jangbadi, azoti  da 
inertuli airebi). 

2Fe + 3Cl2 → 2FeCl3 
Cu + Cl2 → CuCl2 

qloris areSi stibiumi iwvis `cecxlis wvimis~ saxiT: 
2Sb + 3Cl2 → 2SbCl3 

iwvis fosfori:  2P + 5Cl2 → 2PbCl5 
qlori sinaTleze moqmedebs wyalbadTan qlorwyalbadebis 

warmoqmniT: 
     H2 + Cl2 → 2HCl 
reaqcia jaWvuria, mimdinareobs radikaluri meqanizmiT. 
qlori Jangavs bevr rTul nivTierebasac. 
mniSvnelovania qloris reaqcia wyalTan (disproporcionireba): 

Cl2 + H2O ⇄ HCl + HClO 
gamoyofili HClO aramdgradia da iSleba  

HClO → HCl + O 
atomuri Jangbadis gamoyofiT, rac ganapirobebs qloriani wylis gamaufe-
rulebel da madezinfeqcirebel moqmedebas. 

reaqciis wonasworoba marjvniv aris gadaxrili, amitom qloriani 
wyali unda iyos axladdamzadebuli. winaaRmdeg SemTxvevaSi xsnarSi Cl2-
is molekulebi aRar iqneba da xsnars Sesabamisad ar eqneba misi 
damaxasiaTebeli Tvisebebi. 

Cl2-is wyalTan reaqciiT miiReba siZlieriT erTmaneTisagan Zlier 
gansxvavebuli ori mJava: HCl _ Zlieri da HClO _ Zalian susti. siZlieriT 
aseTi mkveTri gansxvaveba maTi erTmaneTisagan dacilebis saSualebas 
iZleva. Tu wyalSi Cayrian carcis fxvnils da masSi Cl2-s gaatareben, 
warmoqmnili HCl reaqciaSi Seva CaCO3-Tan (CaCO3 + 2HCl → CaCl2 + H2O + 
CO2↑) da HClO darCeba xsnarSi. 

qlori, rogorc Zlieri mJangavi, wyalxsnarSi Jangavs Br¯ da I¯ ionebs: 
Cl2 + 2NaBr → 2NaCl + Br2 
Cl2 + 2KI → 2KCl + I2 

qlors wyalxsnarSi Br2 da I2-is daJangvac SeuZlia Sesabamisad 
wyalbadis trioqsobromatisa da trioqsoiodatis warmoqmniT: 

5Cl2 + Br2 + 6H2O → 2HBrO3 + 10HCl  
5Cl2 + I2 + 6H2O → 2HIO3 + 10HCl  

qloris aRmdgeni unari mxolod fTorTan mimarTebaSi vlindeba. qlo-
risaTvis damaxasiaTebelia agreTve disproporcionirebis reaqciebi, rom-
lisTvisac yvelaze xelsayrelia tute are: 

 

3Cl 2+ 6OH¯ ⎯→⎯t  5Cl¯ + ClO −
3  + 3H2O 



 19

3Cl2 + 6NaOH → 5NaCl +NaClO3 +3H2O 
 

qloris naerTebi (-1) JangviTi ricxviT − qlorwyalbadi da 
marilmJava: qlorwyalbadi ufero, mkveTri sunis airia. wyalSi Zalian 
kargad ixsneba. misi wyalxsnari Zlieri mJavaa (marilmJava). 

sufTa HCl-s Rebuloben NaCl-is wyalxsnaris eleqtrolizis Sedegad 
gamoyofili wyalbadisa da qlorisagan sinTeziT. 

didi raodenobiT qlorwyalbadi gamoiyofa organuli nivTierebebis 
qlorirebisas: 

RH + Cl2 → RCl2 + HCl 
sadac R _ organuli radikalia. 

laboratoriaSi HCl-s Rebuloben NaCl-is gacxelebiT konc. gogird-
mJavasTan. gacxelebis pirobebis mixedviT reaqcia SeiZleba wavides mJava 
an saSualo marilis warmoqmniT. 

2NaCl + H2SO4  → NaHSO4 +2HCl↑ 
                                 konc. (susti gacxelebisas) 

2NaCl + H2SO4  → Na2SO4 +2HCl↑ 
                                 konc. (Zlieri gacxelebis pirobebSi) 

miRebuli qlorwyalbadis wyalSi gaxsniT amzadeben marilmJavas. 
konc. marilmJava haerze bolavs. 

marilmJava, rogorc Zlieri mJava reaqciaSi Sedis metalebTan. unda 
aRiniSnos, rom marilmJava (ara aqvs mniSvneloba koncentrirebulia Tu 
ganzavebuli) moqmedebs metalTa standartuli eleqtroduli 
potencialebis mwkrivSi mxolod wyalbadamde moTavsebul metalebTan. 
metalsa da mJavas Soris reaqcia Jangva-aRdgeniTia. metali, rogorc 
yovelTvis, aRmdgenia, mJava ki mJangavi. marilmJavas metalebis daJangva 
mxolod H+-ionebiT SeuZlia, radgan misi naSTi Cl¯-ionebi mJangavi ver 
iqneba (gansxvavebiT H2SO4-isa da HNO3-isagan, romelTa mJavuri naSTebi 
mJangavia). wyalbadionebs ki mxolod wyalbadamde moTavsebuli metalebis 
daJangva SeuZliaT. aqedan gamomdinare marilmJava moqmedebs mxolod 
wyalbadamde moTavsebul metalebTan. amasTan, metalebTan, romlebsac 
cvalebadi JangviTi ricxvi axasiaTebs, marilmJava, rogorc susti 
mJangavi (H+-ionebi susti mJangavia) warmoqmnis marils metalis dabali 
JangviTi ricxviT.  

Fe + 2HCl → FeCl2 + H2↑ 
Cr + 2HCl → CrCl2 + H2↑ 
Mn + 2HCl → MnCl2 + H2↑ 

marilmJavas Cl¯-ionebiT aRmdgenis rolSi gamosvlac SeuZlia. igi 
reaqciaSi Sedis Zlier mJangavebTan _ KMnO4, K2CrO7, KClO3, MnO2 da sxv. es 
reaqciebi safuZvlad udevs laboratoriaSi qloris miRebas. 

HCl gacxelebisas (kataliz. CuCl2-is gamoyenebiT) haeris Jangbadsac  
aRadgens: 

                    4HCl + O2 → 2H2O + 2Cl2 
e.i. marilmJava Jangva-aRdgeniTi TvalsazrisiT ormagi bunebis matare-

belia, metalebTan damokidebulebaSi mJangavis rolSi gamodis, xolo 
Zlier mJangavebTan urTierTqmedebisas _ aRmdgenis rolSi. 

marilmJava, rogorc Zlieri mJava, moqmedebs fuZe da amfoterul 
oqsidebTan, xsnad da uxsnad hidroqsidebTan da zogierT marilTan: 

CuO + 2HCl  → CuCl2 + H2O 
Al2O3 + 6HCl  → 2AlCl3 + 3H2O 
AgNO3 + HCl → AgCl↓ + HNO3 
Ag+ + NO −

3 + H+ + Cl¯ → AgCl↓ + H+ + NO −
3  
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Ag+-ioni Cl¯-ionis aRmomCenia. isini erTmaneTTan wyalSi da mJavaSi 
uxsnad TeTr xaWosebr naleqs AgCl-s warmoqmnis. 

AgCl sinaTleze iSleba: 
2AgCl → 2Ag + Cl2 

daSlas axlavs feris cvlileba. TeTri naleqi daSlisas Savdeba 
wvrilad dawiladebuli vercxlis warmoqmnis gamo. AgCl ixsneba amiakis, 
KCN-is wyalxsnarebSi amiakaluri da cianiduri kompleqsebis warmoqmniT: 

AgCl + 2NH3 → [Ag(NH3)2]Cl 
AgCl + 2KCN → K[Ag(CN)2] + KCl 

marilmJavas marilebis _ qloridebis buneba kanonzomierad icvleba 
jgufebSi da periodebSi. metalebis ionuri (fuZe) qloridebidan, arameta-
lebis kovalenturi (mJava) qloridebamde. ionuri qloridebi krista-
luri, ZneladlRobadi naerTebia. kovalenturi qloridebi airebi, 
siTxeebi an advilad lRobadi myari naerTebia. ionuri qloridebi fuZe 
bunebisaa, kovalenturi ki – mJava bunebis.  

NeCl, KCl, MgCl2 – fuZe bunebis qloridebi 
AlCl3 – amfoteruli bunebis qloridi 
SiCl4, PCl5 – mJava bunebis qloridebi 

fuZe bunebis qloridebi hidrolizs ar ganicdian, mJava bunebis 
qloridebi ki Seuqcevadad hidrolizdebian mJavebis warmoqmniT 

SiCl4 + 3HOH → H2SiO3↓ +4HCl 
qloridebis gansxvavebuli buneba maTi erTmaneTTan urTierTqmedebis 

unarSic vlindeba: 
                                               KCl + AlCl3→K[AlCl4] 
fuZe qloridebi eleqtronebis donorebia. mJavuri bunebisa ki aqcep-

torebi. maTi urTierTqmedebis produqtebi kompleqsuri qloridebia. 
qloridebis umravlesoba wyalSi xsnadia (uxsnadia: AgCl, CuCl, AuCl, 

PbCl2). 
qloridebi miiReba martivi nivTierebebis qlorirebiT: 

Cu + Cl2 → CuCl2 
2Fe + 3Cl2 → 2FeCl3 

myari, araaqroladi oqsidebis naxSirTan da qlorTan erTdrouli 
urTierTqmedebiT: 

   TiO2 + C + 2Cl2 → TiCl4 + 2CO 
    SiO2 + C + 2Cl2 → SiCl4 + 2CO 
metalebze, fuZeoqsidebze, fuZeebze da marilebze marilmJavis 

moqmedebiT: 
Zn + 2HCl → ZnCl2 +H2↑ 
FeO + 2HCl → FeCl2 +H2O 
Na2SO3 + 2HCl → 2NaCl + SO2↑ + H2O    
Cu(OH)2 + 2HCl → CuCl2 + 2H2O    

 

qloris naerTebi dadebiTi JangviTi ricxviT _ ClF, Cl2O, Cl3N, HClO da 
misi marilebi _ hipoqloritebi. 

ClF miiReba mSrali fToris da qloris narevis susti gacxelebiT. ClF 
egzoTermuli naerTia, SedarebiT mdgradia. Cl2O da NCl3 endoTermuli 
aramdgradi naerTebia. Cl2O afeTqebiT iSleba qlorad da Jangbadad. am 
naerTebs arapirdairi gziT Rebuloben. maTi miRebis reaqciebis ∆G>0. 
aRniSnuli naerTebi mJava bunebisaa, rac maTi wyalTan urTierTqmedebis 
reaqciebidanac Cans:  

Cl2O + H2O → 2HClO 
ClF + H2O → HClO + HF 
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       NCl3 +3HOH   →  3HClO +NH3 
Cl2O HClO-s anhidridia, igi moyviTalo feris airia qloris suniT. 
rogorc ukve aRvniSneT, qloris wyalTan reaqciiT miiReba ori mJava 

_ HCl da HClO. 
HClO-s miReba Semdegi reaqciiTac SeiZleba:  

2Cl2 + 2HgO +  H2O → HgO·HgCl2 + 2HClO   
HClO − qveqlorovanmJava, Zalian sustia, rogorc mJava, magram 

Zlieria, rogorc mJangavi. mis marilebs hipoqloritebi ewodeba. isinic 
Zlieri mJangavebia. hipoqloritebi miiReba Cl2-is moqmedebiT tuteebTan: 

Cl2 + NaOH → NaCl + NaClO + H2O 
Cl2 + KOH → KCl + KClO + H2O 

hipoqloritebis xsnarebi Zlieri mJangavebia. isini gamoiyeneba qsovi-
lebisa da qaRaldis gasauferuleblad. 

Camqrali kiris xsnarSi qloris gatarebisas miiReba e.w. qloriani 
kiri. mimdinare reaqcia Semdegi tolobiT gamoisaxeba: 

CaCl2 + Ca(ClO)2 + 2H2O2Ca(OH)2 + Cl2
 

                                              qloriani kiri 

misi Sekvecili formulaa CaOCl2: 

                                               
Ca

ClO

Cl

 
qloriani kiri aris ori mJavas _ HCl-is da HClO-s Sereuli marili, 

igi gamoiyeneba, rogorc gamauferulebeli da madezinfeqcirebeli 
saSualeba. am unars mas nestian haerze mimdinare Semdegi reaqcia aniWebs: 

2CaOCl2 + CO2 + H2O →  CaCl2 + CaCO3↓ + 2HClO 
HClO→ HCl + O 

atomuri Jangbadi Zlieri antiseptikia. 
HClO xsnarSi pirobebis mixedviT sami sxvadasxva sqemiT iSleba: 

HClO ⎯→⎯ νh  HCl + O   sinaTleze 
HClO → H2O + Cl2O   wyalwamrTmevi nivTierebis moqmedebiT 

3HClO ⎯→⎯t 2HCl + HClO3     gacxelebiT 
aqedan gamomdinare, tutis cxel xsnarSi qloris gatarebisas miiReba 

HCl da HClO3-is marilebi. 
6KOH + Cl2 → 5KCl + KClO3 + 3H2O 

KClO3 _ kaliumis trioqsoqlorati (berToles marili). civ wyalSi 
cudad ixsneba, amitom xsnaris gacivebisas xdeba misi gamokristaleba. ase 
Rebuloben berToles marils. am marilis Sesabamisi mJava aris HClO3 _ 
qveqlormJava (wyalbadis trioqsoqlorati), is mxolod wyalxsnarebSi 
arsebobs. magram HClO _ sagan gansxvavebiT SesaZlebelia misi koncentra-
cia xsnarSi 40%-mde iyos. HClO3-s Semdegi reaqciiT Rebuloben: 

Ba(ClO3)2 +H2SO4  → BaSO4 + 2HClO3 
HClO3 Zlieri mJavaa. igi daaxloebiT ise disocirdeba, rogorc HCl da 

HNO3. HClO3 Zlieri mJangavicaa. misi HCl-Tan narevi iseTive Zlieri 
mJangavia, rogorc HCl-is da HNO3-is narevi. Zlieri mJangavebia misi mari-
lebic _ myar mdgomareobaSi gacxelebisas (maTi wyalxsnari ki saerTod 
ar aris mJangavi). mag., KClO3  MnO2-s tute areSic ki manganatamde Jangavs: 

KClO3  + 3MnO2 + 6NaOH → KCl + 3Na2MnO4 + 3H2O 
es reaqcia sareaqcio narevis SelRobis pirobebSi midis. 
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qloratebis frTxili aRdgeniT miiReba qloris dioqsidi _ ClO2, 
feTqebadi, yviTeli feris airi, igi Zlieri mJangavia. ClO2 berToles 
marilze konc. H2SO4 -is moqmedebiTac miiReba: 

B    KClO3 + H2SO4 → HClO3 + KHSO4  
miRebuli HClO3 iSleba: 
K    3HClO3 →HClO4 + 2ClO2 + H2O  
Cveulebriv pirobebSi berToles marilze konc. H2SO4-is damatebisas 

SeiniSneba yviTeli feris airis gamoyofa, romelic ClO2-ia. 
ClO2 tutesTan disproporcionirebis reaqciaSi Sedis: 

2ClO2  + 2KOH → KClO2 + KClO3 + H2O  
KClO2-is Sesabamisi mJava _  HClO2  Zalian aramdgradia. siZlieriT da 

mJangavi unariT is Sualeduria HClO2-sa da HClO3-s Soris. 
B KClO3 _ berToles marili gaxurebis pirobebis mixedviT ori gans-

xvavebuli sqemiT iSleba: 

1)  2KClO3  ⎯⎯⎯⎯ →⎯ (kat.)2MnO 2KCl +3O2↑ 
katalizator MnO2-Tan erTad gaxurebisas daSla ZiriTadad am 

sqemiT mimdinareobs. 
2) ukatalizatorod gaxurebisas ki daSla ori marilis warmoqmniT 

midis: 
K4KClO3 → KCl  + 3KClO4 

KClO4 _ kaliumis perqlorati anu tetraoqsoqlorati. aRniSnul ma-
rilze koncent. H2SO4-is moqmedebiT SeiZleba Tavisufali saxiT HClO4-is 
miReba. HClO4 _ ufero, haerze mbolavi mJavaa. igi mJavebs Soris yvelaze 
Zlieri mJavaa. 

KClO4 +H2SO4 → KHSO4 + HClO4 
Semcirebuli wnevis pirobebSi SesaZlebelia misi gamoxda da Tavisu-

fali saxiT miReba. 
uwylo HClO4 naklebad mdgradia. Senaxvisas sruliad umizezod SeiZ-

leba afeTqdes. misi wyalxsnari ki mdgradia. rogorc mJangavi, gacilebiT 
nakleb aqtiuria, vidre qloris sxva oqsomJavebi. misi ganzavebuli xsnari 
saerTod ar aris mJangavi. 

 [ClO4]¯ tetraedruli aRnagobisaa, rac qloris atomis savalento 
orbitalebis sp3 hibridacias Seesabameba, romelic stabilizdeba π bmebiT. 

miRebulia mravali tetraoqsoqlorati, romelTa Soris yvelaze mni-
Svnelovania KClO4, romelic miiReba KClO3 xsnaris eleqtroliziT. tetra-
oqsoqloratebs ZiriTadad, feTqebadi nivTierebebis dasamzadeblad 
iyeneben. 

tetraoqsoqloratebis (perqloratebis) umravlesoba wyalSi xsnadia. 
Semcirebuli wnevis pirobebSi HClO4-is P2O5-Tan susti SeTbobisas 

miiReba ufero zeTisebri siTxe, romelic HClO4-is anhidrids 
warmoadgens: 

2HClO4
  + P2O5 → 2HPO3 + Cl2O7  

gacxelebisas Cl2O7 feTqdeba, Tumca Cl2O-sa da ClO2–Tan SedarebiT 
ufro mdgradia. masze wylis moqmedebiT qlormJava miiReba. 

 
 
 
 
  

 
 

       mJangavi unari izrdeba 
 
             HClO, HClO2, HClO3, HClO4 

 
mJavas siZliere izrdeba 
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rigSi: ClO¯, ClO −
2 , ClO −

3 , ClO −
4 , anionebis mdgradoba izrdeba, rac gamow-

veuli unda iyos im savalento eleqtronuli wyvilebis ricxvis gazr-

diT, romlebic bmebis warmoqmnaSi monawileobs. ClO −
4 -ionSi Cl-is atomis 

oTxive savalento wyvili gamoyenebulia. aRniSnuli ioni gansakuTrebuli 
mdgradobiT xasiaTdeba. 

 

O
Cl..

....

O
Cl....

O

O
Cl..

O
Cl

O

O

O

OO

 
 

sqema 1. qloris oqsoanionebi 
 

mdgradobis zrdasTan dakavSirebiT rigSi mJangavi unari aRniSnuli 
mimarTulebiT mcirdeba, mJavaTa siZliere ki _ piriqiT, izrdeba. 

HClO < HCO2 < HCO3< HCO4  
Jangbadis atomebis ricxvis zrdasTan erTad aRniSnul rigSi izrdeba 

O – H bmis polarizaciis xarisxi, rac Sesabamisad zrdis disociaciis 
xarisxs. 

qlori gamoiyeneba mravali araorganuli da organuli nawarmis misa-
Rebad. misi gamoyenebiT Rebuloben marilmJavas, qlorian kirs, hipoqlo-
ritebs, qloridebs da a.S. qloris didi raodenoba xmardeba qsovilebis 
da celulozas gauferulebas (romelsac qaRaldis warmoebaSi iyeneben), 
sasmeli wylis gauvnebelyofas. igi gamoiyeneba ferad metalurgiaSi 
madnebis qlorirebisaTvis, romelic zogierTi metalis warmoebis erT-
erT stadias warmoadgens. 

qloris gamoyenebiT miiReba mravali organuli gamxsneli: diqlor-
eTani, tetraqlornaxSirbadi da a.S. organul naerTTa bevri qlornawarmi 
gamoiyeneba soflis meurneobaSi. 

qlororganuli naerTebis safuZvelze mzaddeba sxvadasxva sinTezuri 
boWko, kauCuki, tyavis Semcvleli nivTierebebi da a.S. ase, rom qlori 
qimiuri mrewvelobis erT-erTi umniSvnelovanesi produqtia. 

 
2.3. bromis qvejgufis elementebi 

 

 

aRniSnul elementebsac, sxva halogenebis msgavsad, gare SreSi 7 
eleqtroni aqvT. aqedan gamomdinare, maT VIIA jgufis tipur 
arametalebTan − fTorTan da qlorTan didi msgavseba axasiaTebT, magram 
boloswina orbitalebi Tu ftors da qlors inertuli airebis msgavsi _ 
dasrulebuli 8 eleqtroniani aqvT, Br-isa da I-is SemTxvevaSi boloswina 
garsi 18 eleqtroniania, rac garkveul gavlenas axdens maT Tvisebebze. 
maRali JangviTi ricxvis SemTxvevaSi bromis qvejgufis elementebi 
arsebiTad gansxvavdebian fTorisa da qlorisagan. maTi damaxasiaTebeli 
JangviTi ricxvebidan -1, +1, +3, +5 da +7, yvelaze mdgradia naerTebi -1 da 
+5 JangviTi ricxvebiT. 

bromi da misi analogebi arametalebia, Tumca atomis radiusis 
zrdasTan erTad mcirdeba arametaluri Tvisebebi da iodsa da astatSi 
ukve SeimCneva amfoterobis niSnebi. bromi da iodi sakmaod 
gavrcelebulia naerTebis saxiT; astati, bunebaSi praqtikulad ar 
gvxvdeba. mas ara aqvs arcerTi stabiluri izotopi. 



 24

bromis naerTebi, ZiriTadad, qloris naerTebTan erTad aris bunebaSi 
gavrcelebuli. maTi naerTebi gvxvdeba zRvis wyalsa da WaburRilebis 
wylebSi. igive gavrcelebis areali aqvs iods. 

rigSi Br2-J2-At2 birTvTaSoris manZilis zrdasTan erTad molekulis 
atomebad disociaciis energia mcirdeba. atomuri radiusebis zrdasTan 
erTad, Sesabamisad izrdeba molekulaTa polarizebadobis unari.  

bromi da iodi wyalSi mcired ixsneba. gacilebiT maRalia maTi xsna-
doba organul gamxsnelebSi (spirti, eTeri, benzoli da a.S.), amitom 
aRniSnul gamxsnelebs iyeneben bromis da iodis sxvadasxva narevidan 
gamosayofad. 

iodi, rogorc molekuluri aRnagobis mqone myari nivTiereba, gacxe-
lebisas advilad qroldeba. myari mdgomareobidan galRobis gareSe 
gadadis orTqlis mdgomareobaSi (sublimacia). warmoqmnis iisfer 
orTqls, misi saxelwodeba _ iodic aqedan warmodgeba. es Tviseba sufTa 
iodis misaRebad gamoiyeneba. 

saxamebelTan iodi lurj Sefervas iZleva. saxamebeli da iodi erTma-
neTis aRmomCenia. 

bromi da iodi sakmaod Zlieri mJangavebia, Tumca, am TvalsazrisiT 
CamorCebian fTorsa da qlors. rigSi F2, Cl2, Br2, I2, At2 mJangavi unari 
mcirdeba. amave mimarTulebiT izrdeba martivi nivTierebebidan halogen-
wyalbadebis warmoqmnis  reaqciebis ∆G-s mniSvnelobebi (cxr.5):  

 

½H2 +½Hal = HHal 
 

cxrili 5. 
 

halogenwyalbadi HF HCl HBr HI 
∆G, kj/moli -283 -95 -53 +1,8 

 
HF-is warmoqmna gacivebis pirobebSic ki afeTqebiT mimdinareobs, HCl-

is warmoqmnas sinaTlis energia Wirdeba, HBr-is misaRebad gacxelebaa 
aucilebeli, HI-is miReba ki iseT maRal temperaturaze mimdinareobs, 
roca misi molekulebis didi nawili iSleba.  

bromi da iodi sxva halogenebis msgavsad Jangaven metalebs da 
zogierT arametalsac: 

2Al + Br2 → 2AlBr3 
2P + 3Br2 → 2PBr3 

2P + 3I2 → 2PI3 
2S + Br2 → S2Br2 

rigSi Cl2−Br2− I2  halogenebis mJangavi unaris Semcireba disproporcio-
nirebis reaqciebSic aisaxeba: 

Hal + HOH ⇄HHal + HHalO 
qloris SemTxvevaSi wonasworoba marjvniv aris gadaxrili, amitom 

qloriani wyali axlad damzadebuli unda iyos. bromis da iodis SemTx-
vevaSi, zemoaRniSnuli reaqciis wonasworoba gadanacvlebulia marcxniv. 

fToridebis da qloridebis analogiurad, bromidebi da iodidebic 
SeiZleba iyos fuZe (tute da tutemiwaTa metalebis) da mJava bunebis 
(arametaluri elementebis): 

K   KBr +HOH → reaqcia praqtikulad ar midis  
     NaI + HOH → reaqcia praqtikulad ar midis 
B       BBr3 + 3HOH → H3BO3 + 3HBr 
            PI3 +3HOH → H3PO3 +3HI 
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e.i mJava bunebis bromidebi da iodidebi bolomde hidrolizdebian 
mJavebis warmoqmniT. 

gansxvavebuli qimiuri buneba kargad Cans maTi erTmaneTisadmi damo-
kidebulebaSic: 

            KBr +AlBr3 → K[AlBr4] 
            2KI + HgI2 → K2[HgI4] 
tute metalebis iodidebs wyalxsnarebSi axasiaTebs iodis molekule-

bis SeerTeba  kompleqsnaerTebis − poliiodidebis warmoqmniT. 
 KI + I2→K[I3]⎯ 

 

miReba: bromsa da iods marilTa wyalxsnarebSi qloris gatarebiT 
Rebuloben:  

2KBr + Cl2 → 2KCl + Br2 
2KJ + Cl2 → 2KCl + J2 

Cl2-is,  Br2-is da I2-is miReba SeiZleba Semdegi reaqciiTac: 
2NaHal + MnO2 +2H2SO4 → Hal2 + MnSO4 + Na2SO4 +2H2O 

bromwyalbadi da iodwyalbadi HCl-is analogiurad Sesabamis 
marilebze konc. H2SO4-is moqmedebiT ar miiReba, radgan HBr da HI Zlieri 
aRmdgenlebia (rigSi HCl, HBr, HI _ aRmdgeni unari Zlierdeba. erTaderTi 
HF ar aris aRmdgeni), amitom HCl-isagan gansxvavebiT, isini reaqcias 
agrZeleben konc. H2SO4-Tan, rogorc mJangavTan. HBr gogirdmJavas SO2-mde 
aRadgens, xolo HI, rogorc ufro Zlieri aRmdgeni _ maqsimalurad H2S-
mde. TviTon ki martiv nivTierebebamde iJangebian. 

2NaBr + H2SO4 → Na2SO4 +2HBr↑ 
2HBr +H2SO4 → Br2 +SO2↑ + 2H2O 

                                     2NaI + H2SO4 → Na2SO4 +2HI↑ 
8HI + H2SO4 → 4I2 +H2S +4H2O 

HBr-s da HI-s PBr3-is da PPI3-is hidroliziT Rebuloben: 
PBr3 + 3HOH → H3PO3 + 3HBr 
PI3 + 3HOH → H3PO3 + 3HI 

HBr da HI mkveTri sunis mqone ufero airebia, wyalSi kargad ixsnebian 
Zlieri mJavebis warmoqmniT. mJavaTa siZliere rigSi HCl, HBr, HI izrdeba 
halogen-ionebis radiusis zrdasTan dakavSirebiT. imave rigSi aRmdgeni 
unaric Zlierdeba. 

 HI wyalxsnarSi haeris JangbadiTac iJangeba, amitom HI-is wyalxsnari 
haerze muqdeba I2-is gamoyofis gamo: 

4HI + O2 → 2H2O + I2 
HBr-sa da HI-s rogorc Zlier mJavebs mJavas yvela Tviseba aqvs. moqme-

deben metalebTan (wyalbadamde moTavsebulTan), fuZe da amfoterul 
oqsidebTan, xsnad da uxsnad hidroqsidebTan da marilebTan. Br¯ da  I¯-
ionebs wyalxsnaridan leqavs Ag+-ioni yviTeli feris wyalSi da mJavaSi 
uxsnadi marilebis AgBr-sa da AgI-is warmoqmniT: 

    NaBr + AgNO3 → AgBr↓ + NaNO3 
    Ag+ + Br¯ → AgBr 
    NaI + AgNO3 → AgI↓ + NaNO3 
    Ag+ + I¯ → AgI 
AgBr, AgCl-is msgavsad, ixsneba amiakis wyalxsnarSi amiakaturi komp-

leqsis warmoqmniT: 
AgBr + 2NH3 → [Ag(NH3)2]Br 

AgI amiakis wyalxsnarSi ar ixsneba. mas xsnis KCN-is xsnari 
cianiduri kompleqsis warmoqmniT: 

AgI + 2KCN → K[Ag(CN)2] + KI 
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bromidebisa da iodidebis gamosacnobad, maT saxameblian 
wyalxsnarSi atareben qlors. xsnaris galurjeba iodis gamoyofis 
damamtkicebelia. 

 

bromisa da iodis naerTebi dadebiTi JangviTi ricxviT: BrF, BrCl, Br2O, 
IF, ICl, IBr _ yvela es binaruli naerTi mJava bunebisaa, rac wyalTan maTi 
urTierTqmedebiT dasturdeba: 

B    Br2O + H2O → 2HBrO 
         ICl + HOH → HIO + HCl 
bromi da iodi qloris msgavsad Sedis tuteebTan disproporcio-

nirebis reaqciebSi: 
 Br2 + 2NaOH→ NaBr+ NaBrO+ H2O 
 I2 +2KOH → KI+ KIO+ H2O 

hipobromidebi da hipoiodidebi Zlieri mJangavebia. gacxelebiT isini 
disproporcionirebas ganicdian: 

  3KBrO → 2KBr +KBrO3 
an iSlebian Jangbadis gamoyofiT: 

  2KBrO → 2KBr +O2 
Sesabamisi mJavebi HBrOAda HIO mxolod wyalxsnarebSia cnobili. 

isini  HCIO-is analogiurad, susti mJavebi da Zlieri mJangavebia. 
aRsaniSnavia, rom iodi (iSviaTad bromi) warmoqmnis marilis msgavs 

naerTebs, romlebSic iodis JangviTi ricxvi +1 an +3-ia. magaliTad, INO3: 
                                         I2 + AgNO3 → INO3 + AgI 
INO3 ganicdis disproporcionirebas Tavisufali I2-is da iod (III)-is 

nitratis warmoqmniT: 
                         3INO3 ↔ I2 + I(NO3)3 

cnobilia iodis fosfati, acetati, perqlorati. isini hidro-
lizdebian mJavebis warmoqmniT. 

tuteebis cxel xsnarTan bromis da iodis urTierTqmedebis reaqcie-
bic qloris analogiurad mimdinareobs: 

Br2 + 2NaOH → NaBr + NaBrO3 + H2O 
I2 + 2KOH → KI + KIO3 + H2O 

Sesabamisi mJavebi wyalxsnarebSi bromisa da iodis qloriT daJangviT 
miiReba: 

     Br2 +5Cl2 + 6H2O → 2HBrO3 + 10HCl 
I2 +5Cl2 + 6H2O → 2HIO3 + 10HCl 

HlO3-is anhidridia I2O5, romelic iodis mdgradi oqsidia. 
I2O5  + H2O → 2HIO3 

HIO3-is gamoyofa Tavisufal mdgomareobaSi xerxdeba. HClO3, HBrO3, HlO3 
aRniSnuli mimarTulebiT mJavebis siZliere klebulobs, mdgradoba ki 
izrdeba. aseTive mimdevrobiT izrdeba marilebis mdgradobac: qloratebi, 
bromatebi, iodatebi. 

KIO3 bunebaSic aris gavrcelebuli. mas Ciles gvarjila Seicavs.   
Zlieri gacxelebisas bromatebi da iodatebi iSlebian Jangbadis 

gamoyofiT. 
umaRlesi JangviTi ricxvi +7, qlorisagan gansxvavebiT, broms 

naklebad axasiaTebs. umaRlesi JangviTi ricxviT cnobilia ftornaerTebi 
BrF7Ada IF7.  

ftornaerTebi mJavuri bunebisaa: 
IF7 + 6H2O → H5IO6  + 7HF 

IO −5
6 -Si miiRweva V periodis elementebisaTvis damaxasiaTebeli 

koordinaciuli ricxvi 6. am ions oqtaedris forma aqvs centrSi iodis 
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atomiT. H5IO6  HClO4-Tan  SedarebiT Zalian susti mJavaa. misi marilebi 
tute areSi oqsoiodatebis qloriT daJangviT miiReba: 

KIO3 + Cl2 + 6KOH→  K5 IO6 +2KCl  + 3H2O 
an oqsoiodatebis disproporcionirebiT: 

5Ba(IO3)2 → Ba5(IO6)2 + 4I2 + 9O2 
xolo Sesabamis mJavas Semdegi reaqciiT Rebuloben: 

Ba5(IO6)2 + 5H2SO4→ 5BaSO4↓ + 2H5IO6 
HBrO4 Tavisufal mdgomareobaSi miRebuli ar aris. miRebulia misi 

wyalxsnari, romelic Zlieri mJava da Zlieri mJangavia. HBrO4-is 
marilebi trioqsobromitebis daJangviT miiReba: 

NaBrO3 + F2 + 2NaOH → NaBrO4 + 2NaF + H2O 
bromisa da iodis Tvisebebi udevs safuZvlad maT farTo gamoyenebas 

sxvadasxva sinTezebsa da analizSi. 
bromis da iodis naerTebi ZiriTadad wamlebis dasamzadeblad gamoi-

yeneba. iodi gamoiyeneba, rogorc antiseptiki da sisxldenis SemaCerebeli 
saSualeba. 
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mesame Tavi 
 

perioduli sistemis VI jgufis p-elementebis 
zogadi daxasiaTeba 

 
perioduli sistemis VIA jgufis elementebia: Jangbadi (O), gogirdi 

(S), seleni (Se), teluri (Te), poloniumi (Po) (radioaqtiuri elementi). am 
elementebs qalkogenebs uwodeben, rac berZnulad – “spilenZmbads” 
niSnavs da warmodgeba spilenZis bunebrivi mineralebis oqsiduri da 
sulfiduri warmoSobidan (Cu2O _ kupriti, Cu2S _ qalkozini, CuFeS2 _ 
qalkopiriti). 

qalkogenebi p-elementebia. rigSi O - S - Se - Te - Po monotonurad 
izrdeba atomuri da ionuri radiusebi, Sesabamisad mcirdeba ionizaciis 
energiebi, eleqtronisadmi swrafva da eleqtrouaryofiToba (cxrili 6).  

 

cxrili 6. VIA jgufis elementebis  
atomTa eleqtronuli konfiguraciebi 

 
 

 

 
 
 
 
 

xolo savalento eleqtronuli Sris konfiguraciaa ns2np4. e.i. gare 
SreSi yvela maTgans aqvs eqvsi eleqtroni, riTac aixsneba am elementebis 
msgavsi qimiuri Tvisebebi. maT, gansakuTrebiT ki Jangbadsa da gogirds, 
mkafiod gamoxatuli arametaluri Tvisebebi gaaCniaT, romelic momdevno 
elementebSi TandaTan mcirdeba, rasac adasturebs am mimarTulebiT 
eleqtrouaryofiTobis mniSvnelobaTa Semcireba. amave rigSi klebulobs 
maTi mJangavi unari. poloniumi ukve metaluri bunebis elementia, 
movercxlisfro-TeTri ferisaa, mas ar aqvs arcerTi stabiluri izotopi, 
gavrcelebulia uranis da Toriumis mineralebSi. kiurebma aRmoaCines, 
rogorc uranis radioaqtiuri daSlis produqti. igi iSviaTi elementia. 

 

cxrili 7. qalkogenebis zogierTi fizikuri 
maxasiaTebeli 

 

 

qalkogenebi wyalbadTan da metalebTan avlenen -2 JangviT ricxvs, 
maTze eleqtrouaryofiT elementebTan ki +2, +4, +6 JangviT ricxvebs 
(garda Jangbadisa). Jangbadsa da gogirds wina orbitalebi inertuli 
airebis msgavsi dasrulebuli, Sesabamisad, or da rva eleqtroniani aqvT, 
danarCenebs ki _ 18-eleqtroniani, rac garkveul gavlenas axdens maT 
Tvisebebze. swored aqedan gamomdinareobs JangbadisTvis (-2) da gogirdis-
Tvis (-2) da (+6) JangviTi ricxvebiT naerTTa yvelaze maRali mdgradoba, 
ramdenadac am SemTxvevebSi miiRweva inertuli airebis damaxasiaTebeli 
mdgradi eleqtronuli konfiguraciebi. magaliTad, gogirdisTvis: 

O [He]   2s2   2p4 
S [Ne]   3s2   3p4 
Se [Ar]   4s2   4p4 
Te [Kr]   5s2   5p4 
Po [Xe]  6s2   6p4 

elementi atomuri 
radiusi, nm 

ionizaciis 
energia, ev 

eleqtro-   
uaryofiToba, p.e. 

O   0,0065     13,618 3,44 
S   0,0109     9,75 2,58 

 Se   0,0122     9,75 2,55 
 Te   0,0142     9,01 2,10 
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S-2     3s23p6 
S+6     2s22p6 

 

selenisa da telurisaTvis ufro mdgradia naerTebi (-2) da (+4) 
JangviTi ricxvebiT, xolo poloniumisaTvis, romlis atomebsac 
mniSvnelovnad didi radiusi aqvT, ZiriTadad damaxasiaTebelia dadebiTi 
JangviTi ricxvebi (+2) da (+4).  

Tavis mxriv, gogirdi arsebiTad gansxvavdeba Jangbadisganac mdgradi 
homojaWvebis warmoqmnis unariT: 

 

S S
S

S
S

S
S

S
S

 
naxazi 1. gogirdis homojaWvuri struqtura 

 

─ S ─ S ─ S ─ bmebis simtkice mniSvnelovnad maRalia ─ O ─ O ─ O ─ 
bmebis simtkiceze, rac gamowveulia Jangbadis atomebis Zalian mcire 
radiusiT, romelic kovalenturi bmebiT dakavSirebuli Jangbadatomebis 
eleqtronebis Zlier urTierTganzidvas iwvevs, ris Sedegadac ─ O ─ O ─ O 
─ bmis energiebi mcirdeba. rac Seexeba  O = O bmas, igi mtkicea, rasac 
ganapirobebs Pπ ─ Pπ gadafarva, romelic atomis gansakuTrebulad mcire 
radiusis mqone arametalebs axasiaTebT. aqedan gamomdinare, Jangbadi 
mdgradia oratomiani molekulebis (O2), xolo gogirdi da seleni S8 da Se8 
molekulebis saxiT.  

 

 
 

naxazi 2. S8 da O2 molekulebis modelebi 
 

telurisa da poloniumisaTvis damaxasiaTebelia molekulebSi 
atomTa ricxvis Semcireba, rac maTi atomebis radiusebis mniSvnelovani 
zrdiT aris gamowveuli, romelic yovelTvis iwvevs atomebs Soris 
odinaruli bmebis Sesustebas.  

gansxvavebulia qalkogenebis agregatuli mdgomareobac. Jangbadi 
Cveulebriv pirobebSi airia, danarCenebi myari nivTierebebia, romelTa 
lRobis temoeraturebi rigSi S - Se - Te - Po monotonurad izrdeba, rac am 
mimarTulebiT molekulaTaSorisi mizidvis Zalebis gaZlierebiT aris 
gamowveuli, xolo am Zalebis gaZliereba maTi atomebis radiusebis gazr-
dasTan dakavSirebul polarizebadobis gazrdam ganapiroba. 
gansxvavebulia maTi sxva fizikuri Tvisebebic. gogirdi kargi 
izolatoria, seleni dens sustad atarebs, xolo teluri kargi gamtaria 
da axasiaTebs liTonuri bzinvac.  

qalkogenebi warmoqmnian wyalbadnaerTebs SedgenilobiT H2E (E=S, Se, 
Te), maTi wyalxsnarebi susti mJavebia. mJava buneba rigSi H2S < H2Se < H2Te 
izrdeba, rac S - Se - Te am mimarTulebiT atomTa radiusebis zrdasTan 
aris dakavSirebuli. H2S, H2Se-Si savalento kuTxe 920-ia, H2Te-Si ki 900, 
rac imis damadasturebelia, rom wylis molekulis Jangbadisgan 
gansxvavebiT (sp3-hibridizacia, savalento kuTxe 104,50) gogirdis, selenis 
da teluris orbitalebi hibridizacias ar ganicdian da wyalbadTan 
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bmebi arahibrduli p-orbitalebiT aris damyarebuli. aRniSnuli 
naerTebis wyalxsnarebi Zlieri aRmdgenebia.  

S, Se, Te warmoqmnian oqsidebs EO2 da EO3 SedgenilobiT, romlebic 
qimiuri bunebiT mJava oqsidebia. maT SeesabamebaT mJavebi H2EO3 da H2EO4. 
gansxvavebuli Sedgeniloba aqvs TeO3-is Sesabamis mJavas H6TeO6, romelic 
gogirdisa (H2SO4) da selenis (H2SeO4) mJavebisagan ara marto 
SedgenilobiT (H6TeO6) gansxvavdeba, aramed siZlieriTac. H6TeO6 susti 
mJavaa, maSin roca gogirdmJava da selenmJava _ Zlieri mJavebia.  

 
 

3.1. Jangbadi 
 

 

                           `Jangbadi is RerZia, romlis garSemoc brunavs qimia” 
a. berceliusi 

 

Jangbadi bunebaSi. dedamiwis qerqSi gavrcelebis mixedviT Jangbads 
pirveli adgili ukavia, xolo mTlianad dedamiwis sferoSi _ meore 
(rkinis Semdeg). igi dedamiwis qerqis masis 49,19%-s Seadgens, xolo 
mTliani dedamiwis sferos 28,56 %-s, e.i. misi masis meoTxedze mets. 
haerSi moculobiT 20,9%-ia, mTlianad atmosefroSi ki _ 0,03%. 

araorganul naerTTa mniSvnelovani raodenoba JangbadSemcvelia. 
liTosferos marilebi: karbonatebi, silikatebi, sulfati (mirabiliti 
Na2SO4·10H2O, TabaSiri _ CaSO4·2H2O), fosfatebi, nitratebi da a.S. mravali 
rTuli aRnagobis naerTi. magaliTad, kaolini (H4Al2Si2O9), misi gardaqmnis 
produqtebi, Spatebi da sxva _ sul 120-ze meti minerali. 

Jangbadis masuri wili cocxal organizmebSi sakmaod maRalia. is 
Sedis cilebis, cximebis, naxSirwylebis da a.S. SedgenlobaSi. Jangbadis 
mniSvnelovani wyaroa wyali.  

Jangbadi  umniSvnelovanes  rols  asrulebs  bunebaSi.  fotosinTezi 
(6CO2 + 6H2O → C6H12O6 + 6O2↑) cxovelTa da mcenareTa sunTqvis procesebi, 
niadagSi mimdinare mTeli rigi gardaqmnebi da a.S. Tvlian, rom atmosfe-
roSi Jangbadis regeneracia fotosinTezis Sedegia da ara geologiuri 
an birTvuli gardaqmnebis. 

Jangbads arsebiTi roli ekisreba Tbur danadgarebSi, romelTa gamo-
yeneba sxvadasxva nivTierebebTan (mag., airadi an myari saTbobi da sxv.) 
misi urTierTqmedebis egzoTermul efeqtzea dafuZnebuli. Jangbadi 
agreTve gamoiyeneba metalurgiaSi foladis dnobis procesis intensfi-
kaciisaTvis, gamoiyeneba gogirdmJavas da azotmJavas warmoebaSi da a.S.  

cnobilia Jangbadis sami stabiluri izotopi: O ,O ,O 18
8

17
8

16
8 . pirveli 

izotopis Semcveloba 90,76%-s Seadgens, xolo danarCeni oris, 

Sesabamisad, 0,04% da 0,20%. Jangbadis izotopi O19
8 , radioaqtiuria da 

xelovnurad aris miRebuli birTvuli gardaqmniT. am gardaqmnis sqema 
aseTia: 

O18
8  + 01n → O19

8  

aRsaniSnavia, rom atomur reaqtorSi gamavali wyali zemoT 
aRniSnuli procesis mimdinareobis gamo xdeba radioaqtiuri. biosferos 
dabinZurebis Tavidan acilebis mizniT aucilebelia misi mocileba. 
meores mxriv, xelovnurad miRebul Jangbadis am izotops gamoyenebac 
aqvs. igi gamoiyeneba metalebSi Jangbadis kvalis aRmosaCenad. metals 
birTvul reaqtorSi asxiveben neitronebis Zlieri nakadiT. Semdeg xdeba 



 31

misi radioaqtiurobis xarisxis Sefaseba, romlis gamovlenis mizezi 
neitronebis moqmedebiT Jangbadis radioaqtiuri izotopis 19O warmoqmnaa. 

aRmoCnda, rom erTi da imave elementTan Jangbadis sxvadasxva izoto-

pis naerTi TvisebebiT gansxvavebulia. mag., CO, warmoqmnili C12
6  da O18

8  

izotopebisagan, gansxvavdeba CO-sagan, romelic miRebulia C12
6  da O19

8  

izotopebisagan. pirvelis lRobis temperaturaa 2050C, meoresi ki _ 
204,50C. gansxvaveba didi ar aris, magram igi sakmarisia Sesabamisi 
izotopebis dasacileblad. 

molekuluri Jangbadi. misi aRnagoba: Jangbadis molekula 
oratomiania _ O2. molekulis warmoqmnaSi monawileobs 2s- da 2p-atomuri 
orbitalebi (1s eleqtronebi bmis warmoqmnaSi ar monawileobs, isini 
aramakavSirebeli eleqtronebia). ori atomuri 2s-orbitalidan miiReba 
ori molekuluri orbitali σmak. da σgamTiSavi, romlebic eleqtronebiT 
bolomde Sevsebulia. amitom isini faqtiurad erTmaneTs akompensireben 
da molekulis warmoqmnaSi araviTari wvlili ar SeaqvT. rac Seexeba 2p-
orbitalebs, maTgan miRebuli eqvsi molekuluri orbitalidan sami 
makavSirebelia da sami gamTiSavi. rogorc cnobilia, molekulur orbita-
lebze eleqtronebis ganawileba eqvemdebareba igive principebs, rasac 
atomur orbitalebze energiis minimumis principi, paulis principi da 
hundis wesi. aqedan gamomdinare, pirvel yovlisa, eleqtronebiT ivseba 
makavSirebeli orbitalebi: [(σz)2 da [(πx)2, (πy)2], rasac sWirdeba eqvsi 
eleqtroni. darCenili ori eleqtroni hundis wesis Sesabamisad ikavebs 

erTnairi energiis π*-gamTiSav orbitalebs (π*x)′ da (π*y). 
 

2s

2p

 atomuri
orbitalebi

molekuluri
orbitalebi

σz

π∗
x     π

∗
y

σs

πx     πy

σ*z

σ*s

 atomuri
orbitalebi

2p

2s

OO2O

 
 

naxazi 3. Jangbadis molekulis (O2-is) molekuluri orbitalebis 
energetikuli sqema 
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Jangbadis atomebis savalento eleqtronebidan O2-is molekulis eleq-
tronuli konfiguraciis warmoqmnis sqema aseTia:  

 

O[1s22s22p4]+O[1s22s22p4] →O2[KK(σs)2(σ*s)2(σz)2 (πx)2(πy)2(π*
x)1(π*

y)1] 
 

rogorc naxazidan (3) Cans, Jangbadis molekulaSi sami wyvili eleqt-
roni [(σz)2, (πx)2, (πy)2] ganlagebulia sam makavSirebel orbitalze, gamTiSav 
orbitalebze ki ori gauwyvilebeli eleqtronia. O2-is molekulis 
amgvari aRnagoba kargad xsnis Txevad (kondensirebul) mdgomareobaSi mis 
paramagnitur Tvisebas. O2-Si bmis rigi oris tolia. e.i. Jangbadis 

molekulaSi bma ormagi bunebisaa: lO=O = 0,121 nm, ris gamoc Jangbadis 
molekulaSi birTvebs Soris manZili naklebia SedarebiT Sesabamisi 
martivi (erTmagi) bmis sigrZeze (0.148 nm), amitom O2-is molekula sakmaod 
mdgradia, rasac adasturebs misi atomebad disociaciis energiis maRali 
mniSvneloba (495,15 kj/moli). e.i. molekulis Termodinamikuri maxasi-
aTeblebi eTanadeba mis struqturas. am mizeziT aixsneba molekuluri 
Jangbadis dabali qimiuri aqtiuroba im qimiur reaqciebSi, rodesac 
adgili aqvs misi molekulis atomizacias. amitom, aseTi reaqciebi maRal 
temperaturaze gacxelebiT da katalizatorebis monawileobiT mimdi-
nareobs.  

molekuluri Jangbadis kovalenturi bunebis gamo (naklebad pola-
rizebadia) molekulaTaSorisi urTierTqmedebis energia umniSvneloa da 
is tipur airs  warmoadgens,  romelsac  Zalze  dabali  duRilis  
temperatura  aqvs (tduR. -183

0C, tRR. -219
0C). mis gasaTxevadeblad saWiroa 

dabali temperatura da maRali wneva.  
gansxvavebiT lurji feris myari Jangbadisagan, Txevadi Jangbadi Ria-

cisferi moZravi siTxea (myari da Txevadi Jangbadi gansxvavdeba molekula-
TaSorisi urTierTqmedebis energiebis mniSvnelobebiT, rac maT gansxva-
vebul SefervaSic aisaxeba). mas specialur balonebSi inaxaven, romelsac 
cisferi zoli aqvs. Txevad Jangbads magniti izidavs misi paramagnituri 
Tvisebis gamo. wvis procesebi Txevad JangbadSi Zalze energiulad 
mimdinareobs (masSi xis naxSiri advilad iwvis). Txevadi JangbadiT 
gaJRenTili qvanaxSiris fxvnili gamoiyeneba, rogorc asafeTqebeli masala 
_ “oqsilikviti”. is Zlieri asafeTqebeli masalaa (dinamitis siZlieris) da 
dinamitTan SedarebiT usafrTxoa, radgan garkveuli drois Semdeg kargavs 
afeTqebis unars.  

 

Jangbadis miRebis teqnikuri da laboratoriuli meTodebi: 
Jangbadis miRebis ZiriTadi teqnikuri meTodebia: 
a)  atmosferuli haeris gaTxevadeba da misi fraqciuli gamoxda; 
b)  wylis eleqtrolizi 
haeris gaTxevadeba da Semdgomi gamoxda Jangbadis miRebis ZiriTadi 

samrewvelo meTodia. Jangbadis da azotis dayofa dafuZnebulia Txevadi 
Jangbadis da azotis duRilis temperaturebs Soris sxvaobaze, Jangbadis 
duRilis temperatura Txevadi azotis duRilis temperaturaze 13 
gradusiT maRalia (haeris tduR.=-196

0C) amitom gaTxevadebuli haeridan jer 
aorTqldeba azoti, xolo Semdeg _ Jangbadi. haeris gaTxevadebiT 
miRebuli Jangbadi minarevebis saxiT Seicavs azotsa da inertul airebs. 

wylis eleqtroliziT sufTa Jangbadi miiReba: 
2H2O → 2H2 + O2 

orive samrewvelo meTodi energiis mniSvnelovan danaxarjs saWiroebs 
da iaf meTodebs ar miekuTvneba.  
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Jangbadis miRebis laboratoriuli xerxebi dafuZnebulia Jangbad-
Semcveli marilebis (ZiriTadi elementebis maRali JangviTi ricxviT) da 
zogierTi sxva naerTis daSlis reaqciebze. 

1. kaliumis oqsamanganatis (permanganatis) Termuli daSla: 
2KMnO4 → K2MnO4 + MnO2 + O2 

am xerxiT miiReba sufTa Jangbadi. 
2. berToles marilis Termul-katalizuri daSla: 

2KClO3 → 2KCl + 3O2 

am reaqciis katalizatoria MnO2. am xerxiT miRebuli Jangbadi mcire 
minarevis saxiT Seicavs qlors, romelic manganumis dioqsidis kaliumis 
qloratiT daJangviT warmoiqmneba: 

MnO2 + 2KClO3 →  K2MnO4 + Cl2 + 2O2 
3. tute metalTa nitratebis Termuli daSla: 

                             2KNO3 → 2KNO2 + O2 
laboratoriaSi Jangbadis misaRebad gamoiyeneba wyalbadis peroqsid-

is katalizuri (MnO2-is Tanaobisas) daSla da vercxliswylis oqsidis 
Termuli daSla: 

2H2O2 → 2H2O+  O2 
2HgO → 2Hg +  O2 

 

fizikuri Tvisebebi: airadi Jangbadi ufero, usuno, haerze daaxlobiT 
1,1-jer mZime airia. wyalSi mcired ixsneba. 200C-ze 100 moculoba wyalSi 
ixsneba 3,1 moculoba Jangbadi, rac odnav aRemateba wyalbadis wyalSi 
xsnadobas. 

 qimiuri Tvisebebi: Jangbadi fToris Semdeg yvelaze eleqtro-
uaryofiTi elementia (X=3,7) da mkveTrad gamoxatuli arametaluri Tvise-
bebi aqvs. amitom sxva elementebis mimarT upiratesad mJangav unars iCens. 
igi TiTqmis yvela elementTan warmoqmnis oqsids. gamonaklisia He, Ne da 
Ar. Jangbadi uSualod ar uerTdeba halogenebs, oqros da platinis 
ojaxis elementebs. maTi oqsidebi miiReba arapirdapiri gziT. moleku-
luri Jangbadis monawileobiT mimdinare qimiuri reaqciebis siCqare damo-
kidebulia masTan urTierTqmedi nivTierebis bunebaze da reaqciis 
pirobebze (temperatura, katalizatori, Sexebis zedapiri da sxv.).  

gacxelebisas da katalizatorebis Tanaobisas Jangbadi avlens maRal 
qimiur aqtiurobas. energiulad uerTdeba metalebs. bevri metali, 
gansakuTrebiT maRal temperaturaze, aqtiurad urTierTqmedebs Jangbad-
Tan Sesabamisi oqsidebis warmoqmniT. tute metalebi, liTiumis garda, 
warmoqmian peroqsidebsa da hiperoqsidebs: 

4Li + O2 → 2 Li2O 
2Na + O2 → Na2O2 (natriumis peroqsidi) 
2K + 2O2 → K2O4  (kaliumis hiperoqsidi) 

 

sxva liTonebi JangbadTan oqsidebs warmoqmnis:  
2Ca + O2 → 2 CaO 
4Al + 3O2 → 2Al2O3 
3Fe + 2O2 → Fe3O4 

 

es reaqciebi egzoTermulia. isini met-naklebi siTbos gamoyofiT mim-
dinareobs. rac meti siTbo gamoiyofa, miT ufro mdgradia miRebuli oq-
sidi. magaliTad, 2Mg +O2 → 2MgO. am reaqciis dros 598 kj/moli siTbo ga-
moiyofa, rac warmoqmnili magniumis oqsidis maRal mdgradobas ganapi-
robebs. 
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JangbadTan mravali nivTierebis urTierTqmedebis reaqcias axlavs 
ara marto energiis, aramed sinaTlis gamoyofac. aseT reaqciebs wvis 
reaqciebs uwodeben. mag., rkina, magniumi, natriumi, kaliumi da a.S. 
JangbadSi iwvis. Tumca yvela metalis reaqcias JangbadTan ar axlavs 
ali. mag., maRal temperaturaze spilenZi moqmedebs JangbadTan Savi feris 
oqsidis warmoqmniT. 

2Cu + O2 → 2CuO 
am reaqcias ar axlavs ali, amitom spilenZi ar iwvis JangbadSi. spi-

lenZi iJangeba JangbadiT spilenZ(II)-is oqsidis warmoqmniT. 
wyalbadi iwvis JangbadSi. reaqcia iwyeba maRal temperaturaze (an 

Cveulebriv temperaturaze katalizatoris Tanaobisas), reaqcias axlavs 
didi raodenobiT energiis gamoyofa: 

2H2 + O2 → 2H2O 
wyalbadisa da Jangbadis narevs 2:1 moluri TanafardobiT mgrgvinavi 

airi hqvia. JangbadSi iwvis arametalebic mJavuri oqsidebis warmoqmniT. 
S + O2 → SO2 

4P + 5O2 → 2P2O5 
gacilebiT xist pirobebSi midis JangbadTan fTorisa da azotis ur-

TierTqmedeba (eleqtruli ganmuxtva, T = 3500-40000C): 
 

F2 + O2 O2F2    

2NON2 + O2   
(maRal temperaturaze _ 3500-40000C) 

am reaqciebis mimdinareobisas didi raodenobiT siTbo STainTqmeba 
da Sedegad endoTermuli naerTebi warmoiqmneba.  

JangbadSi iwvis agreTve mravali rTuli (araorganuli da organuli) 
nivTiereba oqsidebis warmoqmniT: 

2H2S + 3O2 → 2H2O + 2SO2 
2ZnS + 3O2 → 2ZnO + 2SO2 
4FeS + 7O2 → 2Fe2O3 + 4SO2 

4FeS2 + 11O2 → 2Fe2O3 + 8SO2 
CH4 + 2O2 → CO2  + 2H2O 

C2H4 + 3O2 → 2CO2  + 2H2O 
                                         C6H6 + 7,5O2 → 6CO2  + 3H2O (Wvartliani aliT) 

wyalbadis da organuli naerTebis wvisas erT-erT produqtad yovel-
Tvis warmoiqmneba wyali.  

wyali umniSvnelovanesi bunebrivi oqsidia, romlis gareSe sicoc-
xlis arseboba da bevri mniSvnelovani procesis mimdinareoba SeuZle-
beli iqneboda. wyali nebismieri cocxali organizmis SedgenilobaSi 
Sedis.  

wylis molekulas arawrfivi aRnagoba aqvs (nax. 4). valenturi bmebis 
meTodis mixedviT Jangbadis sp3 hibriduli orbitalebidan wyalbadis 
atomebis SesakavSireblad ixarjeba ori. danarCen or hibridul 
orbitalze ori araSemakavSirebeli eleqtronuli wyvilia, romelTa 
gavleniT wyalbadis atomebs Soris kuTxe 104,50 xdeba. 
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naxazi 4. wylis molekulis modeli 

metad mniSvnelovania molekuluri Jangbadis unari SedarebiT rbil 
pirobebSi Seqcevadad SeukavSirdes (imoqmedos) zogierT qimiur naerTs 
kompleqsebis warmoqmniT. aseTi kompleqsis magaliTia oqsihemoglobini, 
romelic sisxlis hemoglobinTan Jangbadis kompleqss warmoadgens da 
cxovelTa da adamianis organizmSi Jangbadis transportirebas axdens. 
aseve sainteresoa gardamaval metalTa kompleqsebTan molekuluri 
Jangbadis mierTebis produqtebi. 

 
3.2. ozoni. ozonis aRnagobis specifika, Tvisebebi 

L 

ozoni (O3) Jangbadis alotropiuli modifikaciaa. ozoni berZnulad 
“sunians” niSnavs. is toqsikuri, Jangbadze 1,5-jer mZime, wyalSi mcired 
xsnadi, cisferi airia. Txevadi ozoni muqi lurji siTxea (tduR. -1110C).  
myari ozoni lurji-iisferi kristalebia (tlR.  -198,70C). 

ozonis wyalSi xsnadoba ramdenadme aRemateba Jangbadis imave gamxs-
nelSi xsnadobas. misi aRnagoba arawrfivia da axasiaTebs polaroba 
(μ=0,17·10-29  kl.m. dO-O = 0,128 nm. am parametris mixedviT ozonSi atomebs 
Soris kavSiri erTmag da ormag bmebs Soris Sualeduria. ozonis 
molekulur formulas ori rezonansuli struqtura Seesabameba: 
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O
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misi molekulis gasaSualebuli, realuri struqtura Semdegia: 
 

                                                           O

O

O1200
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 nm

 
 

aseTi struqturis gamo ozoni maRal qimiur aqtiurobas amJRavnebs. 
is Jangbadze gacilebiT Zlieri mJangavia. misgan gansxvavebiT ozoni 
advilad Jangavs vercxls molekuluri Jangbadis warmoqmniT: 

2Ag + O3 →Ag2O + O2 
ozoni molekuluri Jangbadis radioqimiuri an fotoqimiuri gardaqm-

nebiT warmoiqmneba. igi agreTve warmoiqmneba Jangbadis areSi eleqtruli 
ganmuxtvis dros (ozonatorSi), aseve elWeqis dros. Jangbadidan ozonis 
fotoqimiuri warmoqmnis reaqcia jaWvuri procesia da Semdegi sqemiT 
gamoisaxeba: 

O2 +  hν → O2*, O2* + O2 → O3 + ·O·,  ·O· + O2 → O3 

an Sejamebulad:  3O2 2O3
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es procesi atmosferoSi 10-30 km-is simaRleze molekulur Jangbadze 
ultraiisferi sxivebis moqmedebiT mimdinareobs. ozoni akavebs sicocx-
lisaTvis saSiS Warb ultraiisfer sxivebs. igi aseve akavebs dedamiwis 
infrawiTel gamosxivebas, romelic `gabnevis~ SemTxvevaSi mis gacivebas 
gamoiwvevda. ozonis daSlis dros gamoyofili energia xels uwyobs 
atmosferos zeda fenebSi SedarebiT maRali temperaturis SenarCunebas. 
amrigad, ozonis sartyelis arseboba dedamiwaze sicocxlis uzrunvel-
yofis mniSvnelovani pirobaa.  

ozoni aqtiurad uerTdeba ujer da aromatul naxSirwyalbadebs.  
ozoni uerTdeba tute metalebs ozonidebis warmoqmniT: 

K + O3 → KO3 
ozonidebi aseve miiReba tute metalTa hidroqsidebze ozonis moqme-

debiT:              
3KOH + 2O3 → 2KO3 + KOH· H2O + ½ O2↑ 

tute metalTa ozonidebi wiTeli ferisaa da Sedgeba metalTa dade-

biTi ionebisa da O −
3  uaryofiTi ionebisagan. O −

3
 ionSi gauwyvilebeli 

eleqtronebis arseboba mis Seferilobas da paramagnitur Tvisebas 
ganapirobebs.  

ozonis aRmoCena xdeba misi KJ-is saxameblian wyalxsnarTan reaqciiT 
(iodis gamoyofis gamo saxamebeli lurjad ifereba):     

2KJ + O3 + H2O →  2KOH + J2 + O2K 
 
 
 

3.3. wyalbadis peroqsidi 
 

wyalbadis peroqsidi (H2O2) wyalSi da dabali rigis spirtebSi (mag., 
eTanoli) kargad xsnadi blanti, mocisfro siTxea. misi molekuluri 
struqtura wylis struqturisgan gansxvavdeba da sibrtyeze sqematurad 
ase gamoisaxeba: 
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H

H
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sqema 2. wyalbadis peroqsidis molekuluri struqtura 

 

bmebis arasimetriuli ganawilebis gamo wyalbadis peroqsidis 
molekula Zlierpolarulia (μ = 0,7 · 10-29 kl A).  

wyalbadis peroqsidis molekulebi, wylis molekulebis msgavsad, 
Txevad mdgomareobaSi asocirebulia, rac mis molekulebs Soris wyal-
baduri bmebis warmoqmniT aris ganpirobebuli. wyalbadis peroqsidis 
duRilis temperatura (150,20C) wylis duRilis temperaturas aRemateba, 
rac dakavSirebulia misi molekulebis asociaciis ufro maRal 
xarisxTan. wyalbadis peroqsidi Zlieri maionizirebeli nivTiereba da 
aseve Zlieri madezinfeqcirebeli saSualebac aris.  

wyalbadis peroqsids metalTa peroqsidebze mineraluri mJavebis moq-
medebiT Rebuloben: 

BaO2 + H2SO4 → BaSO4↓ + 2H2O2 
wyalbadis peroqsidi wyalSi kargad ixsneba − wyals ereva nebismieri 

TanafardobiT. laboratoriaSi gamoiyeneba misi 3 da 30%-iani xsnarebi. 
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30%-ian wyalxsnars perhidroli ewodeba da sayofacxovrebo pirobebSi 
gamoiyeneba rogorc SedarebiT usafrTxo da iafi maTeTrebeli 
saSualeba. 

wyalbadis peroqsidis wyalxsnari susti orfuZiani mJavaa. misi diso-
ciacia Semdegi sqemiT SeiZleba warmovadginoT: 

H2O2 . . . H2O2 ⇄ H3O2
+ + HO −

2  
H2O2 + 2NaOH → Na2O2 + 2H2O 

Jangva-aRdgeniTi TvalsazrisiT wyalbadis peroqsidi ormagi bunebis 
matarebelia: mJangavic aris da aRmdgenic. aRsaniSnavia, rom igi ufro 
Zlieri mJangavia, vidre aRmdgeni. kaliumis iodids H2O2 wyalxsnarSi 
Jangavs: 

                   2KJ  +  H2O2  → J2 + 2KOH 
                                                                             mJangavi 
xolo permanganats mJava garemoSi aRadgens 

5H2O2 + 2KMnO4 + 3H2SO4 → 2MnSO4 + 5O2 + K2SO4 + 8H2O 
           aRmdgeni 

 wyalbadis peroqsidisaTvis sinaTleze damaxasiaTebelia dispropor-
cionirebis reaqcia: 

H2O2 + H2O2 → 2H2O + O2 
gamoyofis momentSi Jangbadi atomur mdgomareobaSia, ris gamoc 

wyalbadis peroqsidi Zlieri mJangavia da qsovilebis an sxva masalebis 
gasauferuleblad, agreTve samuzeumo eqsponatebze warmoqmnili sulfi-
debis dasaJangad (gasaTeTreblad) gamoiyeneba: 

MeS + 4H2O2 → MeSO4 + 4H2O  
wyalbadis peroqsidis wyalxsnari gamoiyeneba rogorc antiseptikuri 

saSualeba. gamoyeneba sxva peroqsidebsac aqvs. magaliTad, Na2O2 
gamoiyeneba wyalqveSa navebSi Jangbadis regeneraciisaTvis:  

2Na2O2 + 2CO2 → 2Na2CO3 + O2 
 

3.4. gogirdi 
 

bunebaSi gavrceleba: rogorc zemoT aRvniSneT, gogirdi perioduli 
sistemis III periodis p-elementebs miekuTvneba. igi Cvens planetaze erT-
erTi farTod gavrcelebuli elementia. bunebaSi gavrcelebulia oTxi 
mdgradi izotopis saxiT: 32S (99,184 %), 33S (0,740 %), 34S (4,160 %), 36S (0,016 %). 
igi gavrcelebulia rogorc Tavisufal (TviTnabadi), ise bmul mdgoma-
reobaSi. am saxiT Sedis sxvadasxva disulfiduri da sulfiduri 
(almadani, kolCedani anu piriti _ FeS2, TuTiis TeTra anu TuTiis 
“matyuara” _ ZnS, tyviis kriala anu biSofiti _ PbS, qalkozini _ Cu2S, 
qalkopiriti _ CuFeS2, singuri _ HgS), agreTve sulfaturi mineralebis 
(mirabiliti anu glauberis marili _ Na2SO4·10H2O, TabaSiri _ CaSO4·2H2O, 
anhidriti _ CaSO4, mware marili _ MgSO4·7H2O, bariti _ BaSO4) Sedgenilo-
baSi. naerTebis saxiT mas Seicavs agreTve navTobi, bunebrivi airi, 
wiaRiseuli naxSirebi da sxv.  

gogirds Seicavs cilebi. is biogenur elementebs miekuTvneba.  
gogirdi tipuri arametalia. eleqtrouaryofiTobis mniSvnelobiT 

(2,5)  CamorCeba fTors, Jangbads, azots da zogierT sxva elements. 
naerTebSi mas SeiZleba hqondes -1 (polisulfidebSi), -2 (sulfidebSi), +2 
(mag., SCl2) agreTve +4 da +6 JangviTi ricxvebi (oqsidebSi, oqsomJavebSi da 
maT marilebSi).  
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Jangbadisagan gansxvavebiT gogirdi oratomian molekulas warmoqmnis 
mxolod sakmaod maRal temperaturaze (>9000C). gogirdis duRilis 
temperaturaa 444,60C. am mdgomareobaSi misi molekula (iseve rogorc 
myari gogirdis) erTmaneTTan martivi kovalenturi bmiT SekavSirebuli 
rva atomisgan Sedgeba _ S8 (mdgradi forma, nax. 5).  

 

S S
S S

S
S

S
S

 
 

naxazi 5. gogirdis molekulis S8 struqtura 
 

S8-ciklSi atomebi erT sibrtyeSi ar arian ganlagebuli. mezobel 
atombirTvebs Soris manZili 0,205 nm-ia, xolo savalento kuTxe 1080-s 
Seadgens. 

temperaturis gazrdiT gogirdi gadadis orTqlis mdgomareobaSi da 
mis  molekulaSi atomTa ricxvi TandaTan mcirdeba: 

 

                                                   500o  700o   900o   1500o 
 S8  ↔  S6 ↔ S4 ↔S2 ↔S  

 

      9000C-s zemoT gogirdis orTqli mxolod or atomiani molekulebi-
sagan Sedgeba. maT Jangbadis msgavsad paramagnituri Tviseba axasiaTebT. 
15000C-s zemoT gogirdi atomur mdgomareobaSia (molekula erTatomiania), 
e.i. Termuli disociaciis Sedegad adgili aqvs gogirdis molekulis 
atomebad disociacias.  
 

gogirdis alotropiuli modifikaciebi _ polimorfizmi: cnobilia 
gogirdis sami alotropiuli modifikacia: rombuli, monoklinuri da 
plastiuri (amorfuli). rombuli da monoklinuri (α da β formebi) 
gogirdis kristaluri struqtura molekuluria _ sivrciTi struqturis 
(kristaluri meseris) kvanZebSi ganlagebulia S8 molekulebi. 

α da β formebi gansxvavdeba kristaluri struqturebis formiT 
(aRnagobiT) anu S8  molekulebis wyobiT kristalur struqturaSi (a _ 
rombuli struqtura, b _ monoklinuri struqtura. naxazi 6).   

nivTierebis unars, iarsebos ramdenime gansxvavebuli kristaluri 
struqturis (alotropiuli formis) saxiT, polimorfizmi ewodeba 
(berZnulad “poli” _ bevri, “morfus” _ forma). 
 

 
 

 

naxazi 6. gogirdis rombuli da monoklinuri  
struqturuli formebi  

 

Cveulebriv pirobebSi mdgradia rombuli struqtura (bunebrivi 
gogirdi). gogirdi wyalSi uxsnadi, masSi flotaciis unaris mqone 
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yviTeli feris myife nivTierebaa, romelic ixsneba organul gamxsnelebSi 
(eTilis spirti, benzoli, dieTilis eTeri da sxv.). rombuli gogirdi 
yvelaze ukeT ixsneba gogirdnaxSirbadSi (CS2) misi lRobis temperaturaa 
112,80C, maSin roca yviTeli feris monoklinuri gogirdis lRobis tempera-
turaa 119,30C. igi cudi eleqtrogamtaria.  

 monoklinuri gogirdi warmoiqmneba gamlRvali gogirdis neli gaci-
vebiT. is mdgradia mxolod 950C-ze maRal temperaturaze. Cveulebriv 
pirobebSi monoklinuri gogirdi TandaTan rombul gogirdad 
gardaiqmneba. 

plastikuri gogirdis misaRebad misi galRobis Sedegad miRebul 
qarvisfer, adviladmoZravi siTxis gacxelebas agrZeleben, TandaTan 
nalRobi muqdeba da siblante izrdeba, daaxl. 2000C-ze nalRobi xdeba 
muqi yavisferi da iseTi blanti, rom WurWlidan gadmoRvra uWirs, es 
ukve plastikuri gogirdia. mas swrafad gacivebis mizniT civ wyalSi 
asxamen.  

gacxelebisas S8-ciklebi ixsneba da ganTavisuflebuli valentobebis 
xarjze miRebuli fragmentebi erTmaneTs ukavSirdeba homojaWvuri 
struqturebis warmoqmniT. plastikuri gogirdi xazovani polimeria, rac 
mis nalRobs maRal siblantes aniWebs. kidev ufro Zlieri gaxcelebisas 
siblante mcirdeba homojaWvebis daxleCis gamo. plastikuri gogirdic 
aramdgradia, male gadadis rombul formaSi, razec misi simyife 
mianiSnebs. 
 

gogirdis miRebis teqnikuri da laboratoriuli meTodebi 
 

mrewvelobaSi gogirds Semdegi meTodebiT Rebuloben: 
1. TviTnabadi gogirdis gamoyofa sabadodan. TviTnabad gogirds 

alRoben specialuri miliT Seyvanili gadaxurebuli wylis orTqliT. 
gamlRval gogirds meore miliT gamodevnian SekumSuli haeriT, miRebul 
gogirds minarevebisagan gamoxdiT asufTaveben.  

2. rkinis almadanis (kolCedanis) uhaerod gaxureba (6000C): 
    

FeS2 → FeS + S 
 

3. gogirdwyalbadis da haeris gatarebiT gaaqtivebul naxSirze 
(katalizatori): 

2H2S + O2 → 2S + 2H2O 
4. gogirdovani airis [gogirdis(IV) oqsidis] wyalbadiT an koqsiT 

maRaltemperaturuli aRdgena: 
 

 SO2 + 2H2 → 2S + 2H2O 
SO2 + 2C → 2S + 2CO 

 

laboratoriaSi gogirdis misaRebad mosaxerexebelia me-2 meTodis 
gamoyeneba da H2S-is arasruli wva.  

 
 

qimiuri Tvisebebi: gogirdi erT-erTi aqtiuri arametalia. is 
advilad iJangeba halogenebiT: 

S + F2 → SF6              
S + Cl2 → SCl2 

 

gogirdis nalRobSi qloris gatarebisas miiReba S2Cl2 _ Txevadi 
nivTiereba, duRs 1370C-ze. wyali mas Slis: 

S2Cl2  +  2H2O → SO2 + H2S + 2HCl 
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S2Cl2 kauCukis vulkanizaciisaTvis gamoiyeneba. 
cnobilia qlorTan gogirdis kidev ori naerTi SCl2 Dda SCl4. 
fTorTan gogirdi airad SF6 warmoqmnis, bromTan ki _ S2Br2. 
gaxurebisas gogirdi bevr nivTierebas Jangavs: 

Fe + S → FeS 
gogirdi JangbadSi iwvis: 

S + O2 → SO2 
aRsaniSnavia IB jgufis metalebis damokidebuleba gogirdisadmi. 

spilenZi gogirds ufro advilad uerTdeba, vidre Jangbads, xolo 
vercxli JangbadTan saerTod ar Sedis reaqciaSi, maSin roca gogirds 
Cveulebriv pirobebSi uerTdeba Savi feris Ag2S-is warmoqmniT: 

Cu + 2S → Cu2S 
2Ag + S → Ag2S 

aseve oTaxis temperaturaze uerTdeba gogirdi vercxliswyals: 
Hg + S → HgS 

(rac daRvrili vercxliswylis gasauvnebelyoflad gamoiyeneba). 
gogirds tute metalTa hidroqsidebTan axasiaTebs e.w. dispropor-

cionirebis reaqcia:  
3S + 6NaOH → 2Na2S + Na2SO3 + 3H2O. 

didi teqnikuri mniSvneloba aqvs gogirdis reaqcias naturalur 
kauCukebTan, rasac vulkanizacia ewodeba da warmoiqmneba rezinebi. 
gogirdis yvela zemoT ganxiluli tipis reaqciaSi monawileobs S8 
molekuluri forma ciklis gaxsniT. aseT reaqciebi xSirad safexurebad 
mimdinareobs, magaliTad: 

S8 + CN- → SSSSSSSSCN-  
 

S6_S_SCN- → S6_SCN- SCN- da a.S. 
 

bunebrivia, rom aseTi procesebis warmarTvas xels uwyobs maRali 
temperatura. 

 

naerTebi gogirdis -2 JangviTi ricxviT. gogirdwyalbadi, gogird-
wyalbadmJava da misi marilebi: gogirdwyalbadi ufero, mkveTri sunis 
mqone airia, igi Zlier momwamlavia, sisxlis hemoglobins arTmevs rkinas 
da ukargavs Jangbadis transportirebis unars.  

gogirdwyalbads Rebuloben marilebze marilmJavas moqmedebiT: 
FeS + 2HCl → FeCl2 + H2S↑ 

H2S-is wyalxsnari susti orfuZiani mJavaa. disocirdeba or 
safexurad HS- da S2- ionebis warmoqmniT: 

H2S + H2O HS- + H3O+

HS- + H2O S2- + H3O+
 

Sesabamisad warmoqmnis marilebs HS- da S2- naSTebiT. normalur 
marilebs sulfidebi ewodeba, mJava marilebs _ hidrosulfidebi: 

H2S + NaOH → NaHS + H2O 
H2S + 2NaOH → Na2S + 2H2O 

yvela hidrosulfidi ixsneba wyalSi, sulfidebidan ki wyalSi 
xsnadia mxolod tute metalebisa da amoniumis sulfidi. zogierTi 
sulfidi mJavaSic ar ixsneba, mag., CuS, PbS, Ag2S da a.S. 

gogirdwyalbads sustad gamoxatuli TviTionizaciis unari aqvs: 
H2S ... H2S → HS- + SH2

+ 
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sulfidebi, iseve, rogorc oqsidebi, samnairia: fuZe, mJava da 
amfoteruli. 

tute da tutemiwaTa metalebis sulfidebi fuZe bunebisaa. tipuri 
arametalebis sulfidebi _ mJava bunebis. sulfidebis buneba maTi wyal-
Tan da erTmaneTTan damokidebulebaSi vlindeba: 

Na2S + 2HOH → 2NaOH + H2S↑ 
SiS2 + 3HOH → H2SiO3 + 2H2S↑ 

fuZe da mJava bunebis sulfidebis urTierTqmedebiT Tiomarilebi 
miiReba:  

Na2S + CS2 → Na2CS3 
Na2S + SiS2 → Na2SiS3 

Na2CS3 _ natriumis Tiokarbonati, Na2SiS3  _ natriumis Tiosilikati. 
sulfidebi miiReba metalebTan gogirdis uSualo urTierTqmedebiT: 

Cu + 2S → Cu2S 
Fe + S → FeS 

maTi miReba disulfidebis daSliTac SeiZleba: 
FeS2 → FeS + S 

mJavaSi uxsnadi sulfidebi marilebis wyalxsnarSi H2S-is gatarebiT 
ileqeba: 

Pb(NO3)2 + H2S → PbS↓ + 2HNO3 
PbS _ Savi feris, wyalSi da mJavaSi uxsnadi sulfidia. PbS-is 

warmoqmna H2S-is aRmomCeni reaqciaa. 
aseve miiReba CuS, Ag2S da sxva mJavaSi uxsnadi sulfidebi: 

CuSO4 + H2S → CuS + H2SO4 
        Savi 

AgNO3 + H2S → Ag2S + 2HNO3 
       Savi 

CdCl2 + H2S → CdS↓ + 2HCl 
   yviTeli 

wyalSi uxsnadi da mJavaSi xsnadi sulfidebi ki marilTa wyal-
xsnarebze amoniumis sulfidis wyalxsnaris moqmedebiT ileqeba: 

ZnSO4 + (NH4)2S → ZnS↓ + (NH4)2SO4 
   TeTri 

MnCl2 + (NH4)2S → MnS↓ + 2NH4Cl 
         Ria vardisferi 

aRsaniSnavia, rom analogiuri gziT aluminis sulfidi ar miiReba 
misi bolomde hidrolizis unaris gamo: 

AlCl3 + 3(NH4)2S + 6H2O→ 2Al(OH)3↓ + 3H2S↑ + 6NH4Cl 
 

gogirdwyalbadi kargi aRmdgenia. wyalxsnarebSi is advilad iJan-
geba haeris JangbadiT, halogenebiT, azotmJaviT, konc. gogirdmJaviT, 
kaliumis permanganatiT, kaliumis biqromatiT da a.S.: 

H2S + 3H2SO4 → 4SO2 + 4H2O 
H2S + 4Cl2  + 4H2O → H2SO4 + 8HCl 

5H2S + 2KMnO4  + 3H2SO4 → 5S↓ + K2SO4 + 2MnSO4  + 8H2O 
 

Warb JangbadSi gogirdwyalbadi iwvis gogirdis (IV) oqsidis 
warmoqmniT: 

2H2S + 3O2 → 2SO2 + 2H2O 
 es reaqcia gamoiyeneba gogirdmJavas warmoebaSi. misi arasruli 

wvisas ki gogirdi warmoiqmneba: 
2H2S + O2 → 2S + 2H2O 
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gogirdis naerTebi -1 JangviTi ricxviT _ persulfidebi (polisul-
fidebi): homojaWvebis warmoqmnisadmi swrafva, garda martivi nivTierebe-
bisa (S8, S∞), realizebulia agreTve mravalricxovan polisulfidebSi 
SedgenilobiT M2Sn. maTi miReba SeiZleba fuZe sulfidebis konc. 
xsnarebTan gogirdis moqmedebiT: 

Na2S + (n-1)S → Na2Sn  
miRebulia wyalbadis mravalricxovani polisulfidebi anu 

sulfanebi H2Sn (sadac, n = 1-23). isini yviTeli, zeTisebri siTxeebia. 
gogirdis atomebis ricxvis zrdasTan erTad maTi feri muqdeba 
yviTlidan muq wiTlamde.  

sulfanebis narevi miiReba amoniumis polisulfidze marilmJavas 
moqmedebiT: 

(NH4)2Sn + 2HCl → H2Sn + 2NH4Cl 
H2S2 wyalbadis peroqsidis analogia.  

bunebaSi gavrcelebulia rkinis disulfidi FeS2. disulfidebs H2O2-is 
analogiurad axasiaTebT rogorc aRmdgeni, ise mJangavi unari: 

                                                                                  t0 
     Na2S2 + SnS → Na2S + SnS2    

 

4FeS2 + 11O2→ 2Fe2O3 +8SO2 
H2O2-is msgavsad maT disproporcionirebac SeuZliaT: 

Na2S2 → Na2S + S  
 

gogirdis naerTebi +4 JangviTi ricxviT: naerTebs gogirdis +4 
JangviTi ricxviT miekuTvneba SF4, SOHal2, SO2, H2SO3 da misi marilebi. 
maTgan, praqtikuli TvalsazrisiT, yvelaze mniSvnelovania SO2 (ufero, 
mkveTri sunis, wyalSi kargad xsnadi airi). mis molekulas arawrfivi 
aRnagoba aqvs (SeadareT ozonis aRnagobas): S_O bmis sigrZe _ 0,143 nm-ia, 
O_S_O kuTxe 119,50-is tolia (nax. 7): 

 

O O
S

 
naxazi 7. gogirdis(IV) oqsidis struqtura 

 

gogirdis(IV) oqsidis miRebis samrewvelo xerxebia: 
        1. piritis, almadanis, kolCedanis gamowva: 

4FeS2 + 11O2 → 2Fe2O3 + 8SO2 
    2. metalTa sulfidebis gamowva: 

2CuS + 3O2 → 2CuO + 2SO2 
    3. gogirdwyalbadis sruli wva: 

2H2S + 3O2 → 2SO2 + 2H2O 
4. gogirdis wva: 

S + O2 → SO2  
 

laboratoriul pirobebSi misi miReba mosaxerxebelia myar sul-
fitebze an hidrosulfitebze ganzavebuli marilmJavas moqmedebiT an 
metalur spilenZze konc. gogirdmJavas moqmedebiT: 

Na2SO3 + H2SO4 → Na2SO4 + SO2↑+ H2O 
Cu  + 2H2SO4 → CuSO4  + SO2↑ + 2H2O 
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qimiuri Tvisebebi: gogirdis(IV) oqsidi, rogorc mJava oqsidia, 
reaqciaSi Sedis wyalTan, fuZe da amfoterul oqsidebTan. tuteebTan ori 
tipis marilebs warmoqmnis _ sulfitebs da hidrosulfitebs: 

SO2 + 2NaOH → Na2SO3 + H2O 
SO2 + NaOH → NaHSO3 

gogirdis (IV) oqsidi avlens rogorc mJangav ise aRmdgen bunebas: 
SO2 + 2H2S → 3S↓ + 2H2O 

SO2 + 2H2O + Cl2 → H2SO4 + 2HCl 
 

Jangbadi mas Jangavs SO3-is warmoqmniT (katalizatorebis Tanaobi-
sas), rac gogirdmJavas warmoebis mniSvnelovani stadiaa:  

2SO2  +  O2 SO3  
gogirdis(IV) oqsidis wyalxsnari saSualo siZlieris orfuZiani 

mJavaa − H2SO3 (gogirdovanmJava, aramdgradia, advilad iSleba SO2-ad da 
wylad), warmoqmnis sulfitebs da hidrosulfitebs (aRmdgenebia). sulfi-
tebi gaxurebiT disproporcionirdebian: 

4Na2SO3 → Na2S + 3Na2SO4  
 

mJangavebiT SO3
2- ionebi advilad iJangeba SO4

2- ionebad, sulfit-ionis 
sakmaod Zlier aRmdgen unars qvemoT mocemuli sqemiT misi gardaqmnis 
siadvile gansazRvravs: 

 

SO3
2- + 2OH- _ 2e → SO4

2- + HOH,   E = 0,93 v 
 

gogirdis(IV) oqsidi kargi teqnikuri antiseptikuri da anti-
mikrobuli saSualebaa _ advilad spobs lpobis da obis gamomwvev 
sxvadasxva mikroorganizmebs (iyeneben, mag., bostneulis Sesanaxad, maTi 
lpobis Tavidan asacileblad, agreTve Rvinis kasrebSi obis mosaspobad). 
gogirdis(IV) oqsids iyeneben qsovilebis da teqnikuri nakeTobebis 
dasamzadeblad gamiznuli bambukis da Calis gasauferuleblad. 

 

gogirdis naerTebi +6 JangviTi ricxviT: naerTebs gogirdis +6 
JangviTi ricxviT miekuTvneba SF6, SOF4, SO2Hal2, SO3, H2SO4 da misi marilebi. 
SF6 mdgradi (S_F bmis energia sakmaod maRalia), airadi nivTierebaa, 
gamoirCeva maRali qimiuri inertulobiT _ mdgradia wylis, mJavebis da 
tuteebis moqmedebis mimarT. SF6 dens ar atarebs da gamoiyeneba, rogorc 
airadi izolatori.  

SO3, pirobebis mixedviT, SeiZleba iyos airad, Txevad da myar 
agregatul mdgomareobaSi. Cveulebriv pirobebSi SO3 airia (nax. 8a), 
romlis kondensaciiT warmoiqmneba aqroladi siTxe. Txevadi SO3 cikluri 
trimeria (nax. 8b), xolo myari _ zigzagiseburi jaWvis mqone xazovani 
oligomeria (SO3)n, romlis jaWvis fragmentis aRnagoba mocemulia nax. 8g. 

 

S
OO

O

 
                                

(a) 
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naxazi 8. gogirdis(VI) oqsidis struqtura  
(a – airadi, b – Txevadi, g – myari) 

 
SO3

_is miRebis laboratoriuli xerxia jer kidev alqimikosebis 
mier SemuSavebuli rkina(III) an aluminis ajaspis Termuli daSla:  

M2(SO4)3 → M2O3 + 3SO3  (M = Al, Fe) 
mrewvelobaSi SO3 miiReba SO2

_is katalizuri daJangviT [V2O5, Ca(VO3)2] 
400-4500C-ze. reaqcia Seqcevadia. es temperaturuli intervali iTvleba 
optimalurad, radgan ufro maRal temperaturaze reaqciis produqtis 
gamosavali mcirdeba, xolo ufro dabal temperaturaze _ reaqciis 
siCqare. SO3-is gamosavlis gazrdis mizniT, sareaqcio narevSi daaxloe-
biT orjer zrdian Jangbadis koncentracias.  

gogirdis(VI) oqsidi mJava oqsidia. mas Seesabameba Zlieri mJava _ 
gogirdmJava (H2SO4). gogirdmJava erT-erTi mniSvnelovani Zlieri orfuZiani 
mineraluri mJavaa. misi molekuluri struqtura ase gamoisaxeba: 

 

S
O

OO

O

H

H    

rogorc orfuZiani mJava wyalSi or safexurad disocirdeba: 
H2SO4 + H2O → H3O+ + HSO4

– 

HSO4
– + H2O → H3O+ + SO4

–2 

Sesabamisad tuteebTan ornair marilebs _ sulfatebs da hidrosul-
fatebs warmoqmnis. 

H2SO4 + 2NaOH → Na2SO4 + 2H2O  
H2SO4 + NaOH → NaHSO4 + H2O 

rogorc Zlieri mJava, gogirdmJava moqmedebs metalebTan, ganz. 
gogirdmJava metalebs H+-iT Jangavs, amitom igi mxolod wyalbadamde 
moTavsebul metalebTan moqmedebs. rogorc susti mJangavi, metalebTan, 
romlebsac naerTebSi cvalebadi JangviTi ricxvi axasiaTebT, warmoqmnis 
marilebs dabali JangviTi ricxviT: 

Fe + H2SO4
 → FeSO4 + H2↑ 

     gogirdmJavas metalebis daJangva mJavuri naSTis anionebiTac (SO4
2-) 

SeuZlia (romelic Zlieri mJangavia), amitom konc. gogirdmJava moqmedebs 
rogorc wyalbadamde, ise wyalbadis Semdeg moTavsebul metalebTan: 

Cu  + 2H2SO4
 → CuSO4  + SO2↑ + 2H2O 
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civi konc. gogirdmJava wyalbadamde moTavsebul zogierT metals 
(mag., Al, Fe, Cr, Ni da sxv.) apasiurebs masze mJavaSi uxsnadi oqsiduri 
afskis warmoqmnis gamo, magram gacxelebiT konc. gogirdmJava am 
metalebTan reaqciaSi Sedis: 

Fe  + 6H2SO4
 → Fe2(SO4)3 + 3SO2↑ + 6H2O 

mJavis koncentraciisa da reaqciis pirobebis mixedviT aRdgenis 
produqti SeiZleba iyos S, H2S: 

4Zn  + 5H2SO4
 → 4ZnSO4  + H2S↑ + 4H2O 

koncentrirebuli gogirdmJava, rogorc Zlieri mJangavi, Jangavs ara 
marto metalebs, aramed arametalebs da bevr rTul nivTierebas: 

C + H2SO4 → CO2 + 2SO2↑ + 2H2O 
S + 2H2SO4 → 3SO2↑ + 2H2O 

2HBr-  + H2SO4  → Br-
2 + SO2↑ + 2H2O 

8HI  + H2SO4  → 4I2 + H2S↑ + 4H2O 
konc. gogirdmJava, rogorc Zlieri da araaqroladi mJava, marilebi-

dan aZevebs masze Zlier mJavebsac ki, amitom marilebidan mJavebis 
misaRebad ZiriTadad gogirdmJava gamoiyeneba: 

KNO3 + H2SO4 → KHSO4 + HNO3 
KClO4 + H2SO4 → KHSO4 + HClO4 
2NaCl + H2SO4 → Na2SO4 + 2HCl 

Ca3(PO4)2 + 3H2SO4 → 3CaSO4 + 2H3PO4 
konc. gogirdmJava tens xarbad StanTqavs, amitom igi gamoiyeneba, 

rogorc wyalwamrTmevi saSualeba. am unaris gamo igi anaxSirebs bevr 
organul nivTierebas, Saqars, glukozas da a.S.: 

   6C + 6H2OC6H2O6
konc. H2SO4

 
gogirdmJavisa da misi marilebis aRmomCenad gamoiyeneba bariumis 

xsnadi marilebi: 
Ba2+  + SO4

2-  → BaSO4 

BaSO4  _ wyalSi da mJavaSi uxsnadi TeTri feris naleqia.  
 

gogirdmJavas miReba: mrewvelobaSi gogirdmJavas SO2-is katalizuri 
JangviT miRebuli SO3-is konc. (98,3%) gogirdmJavaSi gaxsniT Rebuloben. 
SO3 pirvelyovlisa, wyalTan Sedis reaqciaSi: 

SO3 +H2O → H2SO4 
Semdeg ki iwyeba SO3-is gaxsna gogirdmJavaSi: 

H2SO4  + SO3 → H2S2O7 
                                    pirogogirdmJava 

SO3-is gogirdmJavaSi gaxsnisas miiReba poligogirdmJavebis mTeli 
seria: H2S2O7  (H2SO4·SO3), H2S3O10 (H2SO4·2SO3) da a.S. H2SO4·nSO3. 
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wyalbadis trisulfati, H2S3O10 
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wyalbadis polisulfati, H2SO4 • nSO3 

naxazi 9. 
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H2SO4, H2S2O7, H2S3O10 (H2SO4·nSO3) narevi aris blanti zeTiseburi, haerze 
mbolavi siTxe _ oleumi. wylis moqmedebiT S-O-S bmebi ixliCeba da 
miiReba gogirdmJava: 

H2S2O7 + H2O → 2H2SO4 
(SO3 xasiaTdeba wylisadmi gansakuTrebuli swrafviT, amitom 

gogirdmJavas miRebis mizniT wyalSi misi gaxsnisas igi reaqciaSi Seva 
wylis zedapirze arsebul tenTanac, ris Sedegadac miiReba gogirdmJavas 
“nisli”, romelic siTxiT aRar STainTqmeba. amis Tavidan asacileblad 
SO3-s xsnian konc. gogirdmJavaSi, romlis zemoTac haeri mSralia misi 
wyalwamrTmevi unaris gamo). 

 

gogirdmJavas marilebi: CaSO4•2H2O _ TabaSiri. 1500C-mde gacxelebisas 
TabaSiri kargavs kristalizaciuri wylis 3/4-s da miiReba gamomwvari 
TabaSiri anu alebastri. es ukanaskneli wyalTan Serevisas warmoqmnis 
comisebur masas, romelic swrafad magrdeba da kvlav TabaSirad garda-
iqmneba. igi gamoiyeneba samSeneblo saqmeSi _ Semkvrel masalad, naZerwi 
samkaulebis, mcire zomis nakeTobebis dasamzadeblad, stomatologiaSi, 
qirurgiaSi da sxv.. 

MgSO4  _ magniumis sulfati. Seicavs zRvis wyali, ganapirobebs mis 
mware gemos. kristalhidrati MgSO4•7H2O, romelsac medicinaSi inglisur 
marils anu mware marils uwodeben, gamoiyeneba sasaqmebel da Sardmden 
saSualebad, 25%-iani xsnari _ hipertonuli krizisis dros. 

 (NH4)2SO4 _ amoniumis sulfati. iyeneben azotian sasuqad. 
BaSO4 _ bariumis sulfati. “bariumis fafa” gamoiyeneba medicinaSi 

rentgenokontrastul nivTierebad. 
CuSO4• 5H2O _ Sabiamani. spilenZis ajaspi (ajaspebi liTonebis _ Fe, Cu, 

Zn, Ni, Co sulfatebis kristalhidratebis teqnikuri saxelwodebaa) 
gamoiyeneba soflis meurneobaSi vazis daavadebebis sawinaaRmdegod. 

FeSO4•7H2O _ rkinis ajaspi. soflis meurneobaSi ixmareba mcenareTa 
mavneblebTan sabrZolvelad.  

uwylo sulfats Rebuloben SO3-is Sesabamis qloridebze moqmedebiT: 
CuCl2 + 2SO3 → CuSO4 + SO2Cl2 

Na2SO4•10H2O  glauberis marili, miRebul iqna pirvelad mecnier glau-
beris mier NaCl-ze gogirdmJavas moqmedebiT. uwylo Na2SO4 gamoiyeneba 
minis warmoebaSi. 

 K2SO4 gamoiyeneba kaliumian sasuqad, agreTve ormagi marilebis (Sabe-
bis) saxiT: K2SO4•Al2(SO4)3•24H2O _ kalium-aluminis Sabi (gamoiyeneba medi-
cinaSi _ sisxlis SemaCerebel saSualebad); K2SO4• Cr2(SO4)3 •24H2O _ kalium-
qromis Sabi. kaliumi SeiZleba SabebSi “Secvalos” natriumma an 
amoniumma. 

 

gogirdSemcveli sxva naerTebi +6 JangviTi ricxviT: wyalbadis tri-
oqsofTorosulfati H[SO3F] da trioqsoqlorosulfati H[SO3]Cl 
siTxeebia. H[SO3F] wyalxsnarSi Zalian Zlieri mJavaa, hidrolizdeba nela, 
maSin roca H[SO3]Cl Zalian Cqara hidrolizdeba. 

natriumis trioqsosulfatis gogirdis fxvnilTan duRiliT miiReba 
natriumis sulfidotrioqsosulfati anu natriumis Tiosulfati: 

Na2SO3  +  S →  Na2S2O3     
Na2S2O3  Seicavs sxvadasxva JangviTi ricxvis mqone gogirdis atomebs 

(-2 da +6) S-2 mis aRmdgen unars ganapirobebs. 
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Na2S2O3  + Cl2 + H2O  →  Na2SO4   +  S0↓  +  2HCl 
 

ufro susti mJangavebiT Tiosulfatis daJangva sxvanairad midis: 
 

I2  +  Na2S2O3   →  2NaI  +  Na2S4O6     
 

es reaqcia udevs safuZvlad iodis raodenobriv gansazRvras 
(iodometria).  

wyalbadis Tiosulfati aramdgradia, miRebisTanave iSleba: 
 

Na2S2O3  +  H2SO4   →  Na2SO4   +  H2S2O3     
H2S2O3   → S0↓  +  SO2↑  + H2O 

 

  Tiosulfatebidan yvelaze mniSvnelovania natriumis Tiosulfati 
Na2S2O3 •5H2O; gamoiyeneba fotografiaSi, medicinaSi. 

Na2S4O6-is Sesabamisi mJava H2S4O6 miekuTvneba poliTiomJavebs. isini 
orfuZiani mJavebia zogadi formuliT H2SXO6, sadac X-ma SeiZleba miiRos 
mniSvnelobebi 3-dan 6-mde, SeiZleba metic. es mJavebi aramdgradia, 
mxolod wyalxsnarebSia cnobili. marilebi _ poliTionatebi SedarebiT 
mdgradia. 
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naxazi 10. 
 

tetraedruli struqturuli erTeulebis makavSirebeli xidi SeiZleba 
iyos peroqsiduri jgufic: 
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O O S
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OH

 
peroqsidigogirdmJava 

H2S2O8 
 

naxazi 11. 
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peroqsidigogirdmJava miiReba gogirdmJavas an hidrosulfatebis 
eleqtroliziT: 

2HSO4
–   –   2ē   →   H2S2O8 

igi hidrolizdeba H2O2-is warmoqmniT: 
H2S2O8   +   2H2O   →   2H2SO4   +   H2O2 

es reaqcia gamoiyeneba teqnikaSi wyalbadis peroqsidis misaRebad. 
cnobilia gogirdis meore zemJavac _ peroqsimonogogirdmJava H2SO5   

(karos mJava). wyliT isic hidrolizdeba H2O2-is gamoyofiT: 
H2SO5    +   H2O   →   H2SO4   +   H2O2 

peroqsisulfatebi (VI) Zlieri mJangavebia: 
S2O8

2-
   +   2ē   →   2 SO4

2-    
gogirdis peroqsimJavebi gamoiyenebian qimiur analizSi da sinTezSi. 

isini anaxSireben qaRalds, Saqars da parafinsac ki. 
e.i. poligogrdmJavebi, poliTiomJavebi da peroqsomJavebi Sedgeba 

tetraedruli struqturuli erTeulebisagan, romelTa damakavSirebelia 
poligogrdmJavebSi _ gogirdis atomebi, poliTiomJavebSi _ Jangbadis 
atomebi, xolo peroqsomJavebSi _ peroqsiduli jgufi. sxvadasxva tipis 
sulfat-ionebs ki erTnairi tetraedruli aRnagoba aqvT: 
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naxazi 12. 

 
 

3.5. selenis qvejgufis elementebi 
 

seleni (Se), teluri (Te), poloniumi (Po) (gare Sris aRnagoba ns2np4). 
damaxasiaTebeli JangviTi ricxvebia +2, +4, +6. poloniumi iSviaTi 
elementia, radioaqtiuria. bunebrivi seleni Sedgeba 6, teluri ki 7 
mdgradi izotopisagan. miRebulia agreTve selenis da teluris 
radioaqtiuri izotopebic. poloniums mdgradi izotopi ar aqvs. selenis 
da teluris sakuTari madnebi iSviaTia, isini ZiriTadad gogirdis 
sabadoebs axlavs selnidebisa da teluridebis saxiT. MmaT Seicavs 
agreTve gogirdis sulfiduri madnebic. poloniums ki, rogorc radio-
aqtiuri daSlis produqts, uranisa da Toriumis mineralebi. selens 
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gogirdis msgavsad axasiaTebs polimorfuli modifikaciebi. ufro 
mdgradia heqsagonaluri anu ruxi seleni. misi kristalebi selenis 
zigzagiseburi jaWvebisagan Sedgeba. Txevadi selenis swrafi gacivebiT 
mowiTalo-yavisferi minisebri modifikacia miiReba, romelic Sedgeba 
mouwesrigeblad ganlagebuli sxvadasxva sigrZis molekulebisagan. 
wiTeli selenis kristaluri modifikacia Se8 Sedgenilobis molekulebi-
sagan (S-is msgavsad) Sedgeba. ruxi seleni naxevargamtaria. misi 
gamtaroba mkveTrad izrdeba dasxivebisas. selenisaTvis mdgradia 
movercxlisfro-TeTri metalis msgavsi kristaluri forma, Tumca 
metalisgan gansxvavebiT is myifea. misi gamtaroba umniSvneloa, magram 
dasxivebisas izrdeba. teluric naxevargamtaria. amorfuli teluri 
aramdgradia. poloniumi movercxlisfero-TeTri metalia. rigSi O-S-Se-Te-
Po mcirdeba mJangavi unari da izrdeba aRmdgeni aqtiuroba. Se da Te 
wyalTan da ganzavebul mJavebTan ar moqmedeben. poloniumi moqmedebs 
mJavebTan, rogorc tipuri metali: 

Po + 2HCl → PoCl2 + H2 
seleni da teluri sxva arametalebis msgavsad konc. azotmJaviT 

mJavebamde iJangebian:  

Se + 4HNO3 → H2SeO3 + 4NO2 + H2O 
poloniumi ki, rogorc metali, marilebs warmoqmnis:  

Po + 8HNO3 → Po(NO3)4 + 4NO2 + 4H2O 
seleni da teluri gogirdis msgavsad tutiT disproporcionirdeba: 

3E + 6KOH → K2EO3 + 2K2E + 3H2O 
sadac, E = Se, Te. 
 

selensa da telurs gogirdmJavas warmoebis narCenebidan Rebuloben, 
isini grovdebian mtverdamWerebSi da agreTve anodur SlamSi, romelic 
miiReba feradi liTonebis eleqtruli gasufTavebisas. am narCenebs Janga-
ven MnO2-iT, miiReba SeO2  da TeO2, saidanac SO2-iT aRadgenen selensa da 
telurs.   

EO2  + 2SO2 → E + 2SO3 
sadac, E = Se, Te. 
 

210Po izotops Rebuloben reaqtorSi bismutis neitronebiT 
dasxivebiT: 

209Bi(n,γ)210Bi → 210Po+ β 
      rogorc naxevargamtarebi, Se da Te gamoiyeneba optikuri da sasigna-
lo xelsawyoebis fotoelementebis dasamzadeblad. seleni gamoiyeneba 
agreTve minis warmoebaSi, lalisferi minis dasamzadeblad. 210Po-is 
izotopi gamoiyeneba α-nawilakebis wyarod.  
 

naerTebi ZiriTadi elementis _2 JangviTi ricxviT. selenidebi, telu-
ridebi da polonidebi. am SemTxvevaSi mJRavndeba analogia JangbadTan da 
gogirdTan. oqsidi H2O, Na2O, CO2; sulfidi H2S, Na2S, CS2; selenidi H2Se, 
Na2Se, CSe2; teluridi H2Te, Na2Te, CTe2. selenidebi da teluridebi krista-
luri struqturiT, xsnadobiT, miRebis meTodebiTa da qimiuri TvisebebiT 
sulfidebis analogiuria. MmaT Sorisac aris fuZe da mJavuri formebi:  

K2Se + H2O ⇄ KHSe + KOH 
    CSe2 + 3H2O ⇄ H2CO3 + 2H2Se 

atomTa didi zomebisa da dabali eleqtrouaryofiTobis gamo 
selenisa da teluris atomebi ligandebis rolSi iSviaTad gamodian. 
amitom sxvadasxva qimiuri bunebis selenidebsa da teluridebs Soris 
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reaqciebi damaxasiaTebeli ar aris (gansxvavebiT sulfidebisagan). 
H2SeDda H2Te airebia mkveTri damaxasiaTebeli suniT. TvisebebiT gvanan 
gogirdwyalbads. gogirdis qvejgufis elementebis wyalbadnaerTebSi 
(H2S, H2Se, H2Te) atomuri nomris zrdasTan erTad savalento kuTxe 900-s 
uaxlovdeba, rac kovalenturi bmebis arahibriduli orbitalebiT 
warmoqmnis maCvenebelia. H2O_H2S_H2Se_H2Te bmis sigrZis zrdasTan erTad 
am mimarTulebiT molekulebis mdgradoba mcirdeba. (bmis energia 
mcirdeba) isini endoTermuli naerTebia (gansxvavebiT wylisa da gogird-
wyalbadisagan).  

ZiriTadi elementebis +4 JangviTi ricxvi maT axasiaTebT oqsidebSi, 
tetrahalogenidebSi, Sesabamis anionur kompleqsebSi. mag., gogirdisagan 
gansxvavebiT selenisa da telurisTvis dioqsidebi. Cveulebriv pirobebSi 
EO2 polimeruli naerTebia. SeO2–TeO2–PoO2  rigSi mJavuri Tvisebebi 
mcirdeba.MmagaliTad, SeO2 advilad ixsneba wyalSi Sesabamisi mJavas 
warmoqmniT: 

SeO2 + H2O → H2SeO3 
         TeO2 wyalSi ar ixsneba, magram rogorc mJava oqsidi, tuteebis 
wyalxsnarTan moqmedebs: 

TeO2 + 2NaOH → Na2TeO3 + H2O  
PoO2 tutesTan mxolod maRal temperaturaze SelRobiT Sedis 

reaqciaSi, xolo mJaveebTan advilad moqmedebs, rogorc fuZe oqsidi: 

PoO2 + H2SO4 → Po(SO4)2 + 2H2O 
EO3

2- marilebs selenitebi, teluritebi da polonitebi qvia. H2SO3-gan 
gansxvavebiT, H2SeO3 gamoyofilia Tavisufali saxiT. es aris myari 
nivTiereba, romelic advilad kargavs wyals SeO2-is warmoqmniT, H2TeO3 ki 
avlens polimerizaciis unars, amitom teluridebze mJavis moqmedebiT 

gamoiyofa naleqi (cvladi SedgenilobiT TeO2⋅nH2O).  
tetrahalogenidebi, garda Txevadi SeF4-isa, yvela myaria. isini 

martivi nivTierebebis urTierTqmedebiT miiRebian. mJavuri bunebis 
naerTebia. advilad hidrolizdebian mJavebis warmoqmniT: 

SeCl4 + 3H2O→ H2SeO3 + 4HCl 
reaqciaSi Sedian fuZe halogenidebTan kompleqsuri halogenidebis 

warmoqmniT: 

2KJ + TeI4 → K2 [TeI6] 
2KCl + PoCl4 → K2 [PoCl6] 

SO2-Tan da SO3
2--Tan SedarebiT ufro Zlieri mJangavebia: 

SeO2 + SO2  → Se + 2 SO3 
maT dasaJangad Zlieri mJangavebia saWiro.  

 

naerTebi +6 JangviTi ricxviT: SeO3, TeO3, SeF6, TeF6.   
poloniumis naerTebi +6 JangviTi ricxviT aramdgradebia. SO3-is 

msgavsad SeO3-isTvis arsebobs miniseburi da azbestiseburi modifi-
kaciebi. SeO3 wyalTan Zalian energiulad moqmedebs H2SeO4-is warmoqmniT. 
TeO3-sac axasiaTebs ori modifikacia. TeO3 wyalSi praqtikulad ar 
ixsneba, magram tutesTan Sedis reaqciaSi. SeO3-s Rebuloben selenatebze 
SO3-is moqmedebiT: 

K2SeO4 + SO3 → K2SO4 + SeO3, 
xolo TeO3 telurmJavasagan wylis warTmeviT: 

H6TeO6→ TeO3 +3 H2O 



 51

H2SeO4 TeTri myari nivTierebaa. gogirdmJavas msgavsad xarbad 
STanTqavs wyals. anaxSirebs organul nivTierebebs. misi wyalxsnari 
Zlieri mJavaa. telurisTvis, ise rogorc mexuTe periodis sxva p-elemen-
tebisTvis (radiusis zrdis gamo) damaxasiaTebelia koordinaciuli 
ricxvi 6, amitom aris misi Sesabamisi mJava gansxvavebuli Sedgenilobis 
H6TeO6.  igi Zalian susti mJava da susti mJangavia. misi marilebi miiReba 
Te(IV)-is nawarmebis tuteebTan reaqciiT mJangavebis Tanaobisas. H6TeO6 
cxel wyalSi kargad ixsneba. SeF6 da TeF6 airebia SF6-isa da SeF6-sgan 
gansxvavebiT, TeF6  advilad hidrolizdeba:   

TeF6 + 6H2O → H6TeO6 + 6HF 
     selen(VI)-is naerTebi, gogirdis analogiur naerTebTan SedarebiT, 
aramdgradia. gacxelebiT SeO3 da H2SeO4 advilad iSlebian Jangbadis 
gamoyofiT. amitom H2SeO4 gogirdmJavaze Zlieri mJangavia. H2SeO4 
gansxvavebiT gogirdmJavisagan, HCl-s Jangavs:   

H2SeO4  + 2HCl → H2SeO3 + Cl2 + H2O 
atomuri qloris gamoyofis gamo es narevi Zlieri mJangavia, xsnis 
platinas, oqros.  H2SeO4 calke aRebuli erTaderTi mJavaa, romelic 
oqros xsnis. 
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meoTxe Tavi 
 

perioduli sistemis V jgufis p-elementebi 
 

azoti 
 
azotis qimiuri niSania N (berZnulad “azoti” usicocxlos niSnavs, 

laTinurad “Nitrogenium” – “gvarjilmbadi”). azoti aRmoaCina daniel 
rezerfordma 1772 wels.  

mendeleevis perioduli sistemis mixedviT azoti VA jgufis tipuri 
elementia. mas mkveTrad gamoxatuli arametaluri Tvisebebi aqvs. is VA 
jgufis yvelaze msubuqi elementia. azotis atomuri (kovalenturi) radiusi 
0,071 nm-ia. ionizaciis pirveli energiaa I1 14.53 ev. arametaluri bunebiT 
(polingis skalis mixedviT misi eleqtrouaryofiToba χ udris 3-s), is 
CamorCeba mxolod fTors da Jangbads, maSin rodesac misi mZime analogebi 
(Sb, Bi) cxadad avlenen metalur bunebas. VA jgufi SeiZleba ganvixiloT, 
rogorc kargi magaliTi, sadac Sesabamisi elementebis Tvisebebi mkveTrad 
icvleba maTi adgilmdebareobis cvlilebasTan kavSirSi.  

azotis Seswavla jer kidev lavuazies eqsperimentebs ukavSirdeba, 
rodesac daiwyes atmosferuli azotis gamokvlevebi, kerZod, azotis haeridan 
dacilebis cdebi. molekuluri azoti sicocxlisaTvis uimedo airia, maSin 
rodesac cocxali organizmebis cxovelqmedebis procesebi bmuli azotis 
gareSe warmoudgenelia. 

azoti kent elementebs miekuTvneba. amitom igi xasiaTdeba stabiluri 
izotopebis mcire ricxviT (14N – 99,64%  da 15N – 0,36%).  

azotis izotopebi zogierT birTvul reaqciaSi mniSvnelovan rols 
asrulebs. azotis birTvebis zogierTi tipi kosmosur sxivebTan urTierTqme-
debisas gardaiqmneba 14C radioaqtiur izotopad. am izotopis radioaqtiu-
robis gazomviT arqeologiaSi adgenen naxSirbadis Semcveli nivTierebebis 
asaks.  

azotis atomis gare energetikuli donis eleqtronuli konfiguracia 
Semdegi sqemiT gamoisaxeba:  

 

N  2s22p3 
  

2s
2p

 
azotma naerTebSi SeiZleba gamoavlinos Jangvis sxvadasxva xarisxi 

(cxrili 8), magram is tipuri ionebis (N+5, N-3) warmoqmnis unars moklebulia.   
 

cxrili 8. naerTebSi azotis damaxasiaTebeli JangviTi ricxvebi 

  JangviTi 
  ricxvi 

 -3   -2   -1  0  +1 +2   +3   +4   +5 

 nivTiereba NH3 
Mg3N2 

NH2-NH2 
 

NH2OH N2 N2O NO N2O3 
HNO2 

NO2 
N2O4 

N2O5 
HNO3 

 
azots bunebaSi gavrcelebis mxriv me-18 adgili ukavia (misi klarki 0,04 

%-s Seadgens). azotis daaxloebiT naxevari atmosferoSia gavrcelebuli 
(molekuluri azotis saxiT), xolo meore naxevari – liTosferoSi (sxvadasxva 
mineralis saxiT. bmul azots Seicavs cilebi. is udides rols asrulebs 
cocxali organizmis cxovelqmedebis procesebSi. azots Seicavs agreTve 
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cxoveluri da mcenareuli warmoSobis wiaRiseuli saTbobi, rac cocxali 
organizmebis uhaero areSi daSlasTan aris dakavSirebuli. 

azotis Semcveli mineraluri naerTebidan bunebaSi gavrcelebulia 
nitratebi [NaNO3 (Cile) da KNO3-is (indoeTi) saxiT], Tumca SesaZlebelia 
arsebobdes NO2

⎯-ionebi, romlebic niadagSi arsebul NH4
+-ionebTan urTierT-

qmedebisas molekulur azots gamoyofen: 
NO2

⎯  +  NH4
+ → N2  + 2H2O 

NH4NO2 → N2  + 2H2O 
am reaqcias laboratoriaSi azotis misaRebad iyeneben. 

 

molekuluri azotis eleqtronuli aRnagoba: molekulaSi azotis 
atomebs Soris sammagi bmaa. Aatomis gare Sreze arsebuli sami gauwyvilebeli 
(2p) eleqtronis xarjze is warmoqmnis sam oreleqtronian kovalentur bmas. 
azotis atoms agreTve unari aqvs, garkveul pirobebSi, koordinaciuli bmis 
warmosaqmnelad, “gamoiyenos” gauziarebeli 2s eleqtroni. azotis molekulis 
warmoqmnisas TiToeuli atomis erTi 2s da erTi 2p valenturi orbitali 
ganicdis sp-hibridizacias da miRebuli ori hibriduli orbitalidan erT-
erTis (romelzec gauwyvilebeli eleqtronia) atombirTvebis SemaerTebeli 

wrfis gaswvriv gadafarvisas atomTa Soris myardeba erTi σ-bma. hibridiza-
ciis arsebobaze miuTiTebs eqsperimentulad gansazRvruli σ-bmis energiis 
maRali mniSvneloba (543.4 kj/moli) Teoriulad mosalodnelTan SedarebiT. 
azotis TiToeul atoms rCeba erTi hibriduli araekvivalenturi da ori 
arahibriduli py- da pz-or-bitali. azotis atomebis py da pz orbitalebis 
gverdiTi gadafarviT urTierTmarTobul sibrtyeSi warmoiqmneba ori 

damatebiTi π-bma: 

 

naxazi 13. π-bma 
 

π-bma yovelTvis arahibriduli eleqtronuli orbitalebis gadafarviT 
miiReba. damakavSirebel eleqtronul Rrubels simetriis RerZi ar gaaCnia, 
aqvs mxolod simetriis sibrtye, romelic atomTa birTvebze gadis.  

azotis molekulaSi bmebis warmoqmna SeiZleba Semdegi sqemiT warmo-
vadginoT:  

N[1s22s22p3] + N[1s22s22p3] → N2[KK(σs)2(σ*s)2(σz) 2(πx)2(πy)2] 
 
sadac KK gamosaxavs mTlianad Sevsebul (σs)2(σ*s)2 orbitalebs.  
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naxazi 14. azotis molekulis eleqtronuli diagrama 

 
 

azotis energetikuli sqemidan da eleqtronuli formulidan Cans, 
rom molekulaSi eqvsi eleqtroni ganlagebulia sam makavSirebel 
orbitalze (σs, πx, πy) (Seesabameba erTi σ da ori π bma). valenturi bmis 
meTodis moxedviT N2-is molekula Semdegnairad SeiZleba warmovadginoT: 

 

N

N       

 

naxazi 15. azotis molekulis modeli 
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maSasadame, azotis molekulaSi atomebs Soris xorcieldeba sami bma: 

erTi σsp-sp da ori πp-p bma. 
 molekuluri azoti maRali qimiuri mdgradobiT gamoirCeva, rasac  

ganapirobebs azotis atomebs Soris arsebuli mtkice qimiuri bma. atomebidan 
molekuluri azotis warmoqmna egzoTermuli procesia mniSvnelovani siTburi 
efeqtiT. amitom azotis molekulebSi bmebis dasaxleCad Zalze didi energiaa 
saWiro:  

2N N2   
(ΔH = - 936, 768 kj/moli) 

 azotis atombirTvebs Soris manZili 0,109 nm-ia, rac ganapirobebs misi 
molekulis simtkices. azotis atomebs Soris sammag bmaSi erT-erT bmas 
uCveulod maRali energia aRmoaCnda (Ebm=522,75 kj/moli), rac aZnelebs sammagi 
bmis darRvevas.  

 

miReba: 
mrewvelobaSi azoti miiReba haeris gaTxevadebiT da Txevadi haeris 

fraqciuli gamoxdiT. azoti Jangbadze ufro dabalmduRarea (duR.t. -1960C-is 
tolia), amitom is Jangbadze adre orTqldeba, rac misi Jangbadisagan dacile-
bis SesaZleblobas ganapirobebs. misi miReba aseve SeiZleba garkveul 
temperaturaze gaxurebul rkinaze haeris nakadis gatarebiT. am dros azoti 
sufTavdeba haeris Jangbadisagan, magram minarevis saxiT Seicavs inertul 
airebs da zogierT sxva minarevs (mag., CO2). 

 laboratoriul pirobebSi azots ZiriTadad amoniumis nitritis an 
amoniumis diqromatis Termuli daSliT Rebuloben: 

NH4NO2  → N2 +  2H2O 
(NH4)2Cr2O7  → N2 +  Cr2O3 + 4H2O 

amoniumis nitritis SedarebiT dabali mdgradobis gamo, SesaZlebelia 
azotis miReba natriumis nitritis amoniumis qloridTan gaxurebiT: 

NaNO2  + NH4Cl → N2 ↑+ NaCl  + 2H2O 
      
fizikuri da qimiuri Tvisebebi: molekuluri azoti usuno, ufero, 

wyalSi mcired xsnadi airia. is sammagi bmis maRali mdgradobis gamo 
qimiurad inertulia, magram saTanado pirobebis SerCeviT bevr martiv 
nivTierebasTan reagirebs. molekuluri azoti uerTdeba aqtiur metalebs 
metalTa Zabvis mwkrivSi aluminis CaTvliT (oTaxis temperaturaze azoti 
mxolod Li-Tan urTierTqmedebs) nitridebis warmoqmniT: 

6 Li + N2 → 2 Li 3N 
3 Mg + N2 → Mg 3N2 

magniumis anTebuli lenta azotian WurWelSi Setanisas wvas ganagrZobs 
Sesabamisi nitridis warmoqmniT. Mg−N bma maRali simtkiciT gamoirCeva. 

azoti arametalebTanac moqmedebs, Jangbadi, wyalbadi da a.S. 
reaqciebi arametalebTan mxolod maRal temperaturaze mimdinareobs.  

azoti wyalbadTan optimaluri siCqariT reagirebs 450-5000C-ze da 10-
30 mpa wnevaze, katalizatorebis Tanaobisas (amiakis sinTezis samrewvelo 
meTodi – atmosferuli azotis bmul azotad gardaqmnis ZiriTadi xerxi): 

N2 + 3H2 2NH3  
reaqcia katalizuria, katalizatirad gamoiyeneba garkveuli wesiT 

damzadebuli forovani rkina promotorebiT – K2O, Al2O3, SiO2.  
azoti naxSirbadTan (gavarvarebul koqsTan) warmoqmnis dicians – 

(CN)2, xolo siliciumTan maRaltemperaturaze (10000C) – qimiurad mdgrad 
naerTs, Si3N4 : 

N2  + 2C → (CN)2 
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2N2 + 3Si → Si3N4 
azoti uSualod ar uerTdeba gogirds da halogenebs. azoti 

JangbadTan Zalian maRal temperaturaze moqmedebs (3500-40000C): 
N2  + O2 2NO  

marcxnidan marjvniv es reaqcia endoTermulia da xasiaTdeba didi 
raodenobiT siTbos STanTqmiT. aRniSnuli reaqcia bunebaSic 
mimdinareobs Weqa-quxilis dros.  

Tanamedrove qimiis erT-erT umniSvnelovanes amocanas warmoadgens 
Cveulebriv pirobebSi (katalizatorebis gamoyenebiT) molekuluri 
azotis fiqsacia _ misi bmul mdgomareobaSi gadayvana. amis perspeqtiva 
isaxeba kompleqsuri naerTebis gamoyenebiT molekulur azotis gardaqm-
naSi. molekuluri azotis SesakavSireblad gamoyenebulia rodiumis, 
paladiumis, titanis, kobaltis, zogjer rkinis kompleqsebi sxvadasxva 
rTul ligandebTan, magram samwuxarod, miRebuli naerTebis daSliT isev 
azoti gamoiyofa da ara amiaki. dReisaTvis kompleqsSi arsebuli aqtivi-
rebuli azoti ver “aiZules” emoqmeda wyalbadTan amiakis warmoqmniT, 
Tumca samecniero literaturaSi amis Sesaxeb garkveuli informacia ukve 
arsebobs.  

azoti gamoiyeneba amiakis sinTezSi, (xolo amiaki azotmJavasa da 
azotiani sasuqebis warmoebaSi), sxvadasxva feTqebadi nivTierebebis misaRebad, 
agreTve inertuli aris Sesaqmnelad (mag., argonis nacvlad) im procesebSi, 
sadac Jangbadis monawileoba arasasurvelia, qlorsilanebis warmoebaSi Ziri-
Tadi reaqciis Tanamde airebis (HCl) gamosadevnad, sareaqcio sistemis hermeti-
zaciis Sesamowmeblad da sxv. 
 

amiaki. amoniumis marilebi: azoti wyalbadTan ramdenime naerTs 
warmoqmnis (amiaki, hidrazini, hidroqsilamini, azotwyalbadmJava), 
romelTa Soris yvelaze mniSvnelovani amiakia. 

amiaki ufero, haerze TiTqmis 2-jer msubuqi, damaxasiaTebeli mkveTri 
sunis (“niSaduris spirts” amiakis suni aqvs) wyalSi kargad xsnadi airia. 
oTaxis temperaturaze 700 moc. amiaki ixsneba 1 moc. wyalSi. Cveulebriv 
temperaturaze, maRali wnevis pirobebSi, advilad Txevaddeba (dR.t. -
33,40C, lR.t. -77,70C). amiakis wyalTan SedarebiT sagrZnoblad dabali 
duRilis temperatura gapirobebulia SedarebiT susti molekulaTa-
Sorisi wyalbaduri bmebiT.  

rogorc cnobilia, sami p orbitali sivrceSi orientirebulia urTi-
erTmarTobulad (900-iani kuTxiT, maqsimaluri ganzidva). aqedan gamomdi-
nare, azots (romelsac sami savalento p orbitali aqvs) wyalbadTan 
kovalenturi bmebi am mimarTulebiT unda warmoeqmna. sinamdvileSi, 

amiakis molekulaSi savalento kuTxe 107.3°-is tolia, rac meTanis naxSirba-
dis msgavsad, amiakis azotis savalento orbitalebis sp3 hibridizaciaze 
miuTiTebs. e.i. azoti wyalbadis sam atomTan bmebs sp3 hibriduli orbitalebiT 
amyarebs. meoTxe hibriduli orbitali Tavisufali eleqtronuli wyviliT 
bmaSi ar monawileobs. aseT orbitals araekvivalenturi orbitali ewodeba. 
amrigad, amiakSi, meTanis msgavsad, valenturi orbitalebis sp3-hibridizacia 
xorcieldeba. magram am ukanasknelisagan gansxvavebiT amiakSi bmebs Soris 

kuTxe tetraedrulze naklebia da 107.3°-is tolia. maSasadame, amiakSi azotis 
hibriduli orbitalebi ganlagebulia damaxinjebuli tetraedris wveroebis 
mimarTulebiT. araekvivalenturi orbitali xasiaTdeba maRali eleqtronuli 
simkvriviT da kuTxe, romelsac igi bmis warmomqmnel hibridul orbitalebTan 
qmnis, metia hibridul orbitalebs Soris kuTxesTan SedarebiT. molekula 
piramidis formisaa. radgan amiakSi kuTxe tetraedrulze naklebia, SeiZleba 
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vivaraudoT, rom am SemTxvevaSi ar xorcieldeba savalento orbitalebis 
sruli sp3 hibridizacia (sp3 hibridizaciis xarisxi ar aRwevs 100%-s), s orbi-
talebis wili hibridizaciaSi ramdenadme naklebia, rac savalento tetra-
edruli kuTxis Semcirebas iwvevs. amiakis molekulis aseT struqturas 
adasturebs eqsperimentulad napovni dipoluri momentis mniSvneloba, 
romelic 4.8•10-29 k•m-s tolia. 

 

 
naxazi 16. amiakis molekulis modeli 

 

azotis qvejgufis elementebis wyalbadnaerTebSi (PH3, AsH3, SbH3) atomuri 
nomris zrdasTan erTad savalento kuTxe bmebs Soris TandaTan uaxlovdeba 

90°-s, rac kovalenturi bmebis arahibriduli orbitalebiT warmoqmnas 
adasturebs. 

 

 
naxazi 17. stibinis molekulis modeli 

 
 

amiakis miRebis meTodebi: 
1. cianiduri meTodi (Zveli da ZviradRirebuli meTodia): 

CaC2 + N2 → CaCN 2 + Ckris. 

wylis orTqlis moqmedebiT kalciumis cianamidi advilad iSleba 
amiakis gamoyofiT: 

CaCN 2  + 3H2O → CaCO3  + 2NH3↑ 
2. amiaks laboratoriaSi NH4Cl-is Ca(OH)2-Tan gaxurebiT Rebuloben: 

2NH4Cl+Ca(OH)2 CaCl2+2NH3  +2H2O  
gamoyofili amiaki teniania, gasaSrobad natron kirSi atareben (kal-

ciumis oqsidis narevi mwvave natrTan).  
3. teqnikaSi amiaks azotisa da wyalbadisagan sinTeziT Rebuloben: 

N2 + 3H2 2NH3  
sinTezis pirveli etapi wyalbadis da azotis adsorbciaa rkinis 

katalizatoris zedapirze. am dros wyalbadis molekulebi atomebad 
iSleba, xolo azotis molekulebi naklebad mtkice xdeba (aqtiurdeba). 
katalizatoris zedapirze warmoqmnili amiakis molekulebi azotis 
molekulebiT gamoZevdeba da ase meordeba es procesebi. 
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sinTezis reaqcia pirdapiri mimarTulebiT egzoTermulia da 
mimdinareobs airTa molebis ricxvis SemcirebiT, amitom gamosavlianobis 
gazrdis mizniT saWiroa reaqciis Catareba maRali wnevisa da dabali 
temperaturis pirobebSi. optimalur pirobebad SerCeulia 10-30 mpa wneva, 
temperatura 460-5000C, radgan ufro dabal temperaturaze reaqciis 
siCqare ecema. Tumca am optimalur pirobebSic ki reaqciis Seqcevadobis 
gamo azotis da wyalbadis narevis mxolod nawili gardaiqmneba amiakad 
(airTa narevis 10-20%). amiaks airTa narevidan gacivebiT gamoyofen, xolo 
reaqciaSi Seusvlel, damatebiT SekumSul gamosaval airebs (azots da 
wyalbads) isev abruneben amiakis sinTezis reaqtorSi. am meTodiT amiakis 
gamosavlianoba 90-95%-s aRwevs.  

amiakis sinTezisaTvis saWiro azots haeris gaTxevadebiT Rebuloben, 
xolo wyalbads meTanis piroliziT an wylis eleqtroliziT: 

CH4 → C + 2H2 
2H2O → 2H2 + O2 

(eleqtrolitis damatebiT) 
 

qimiuri Tvisebebi: amiaki sakmaod aqtiuri nivTierebaa. igi Zlieri 
aRmdgenia. JangbadSi iwvis ukatalizatorod azotis gamoyofiT: 

4NH3+3O2 6H2O+N2  
xolo platinis, rogorc katalizatoris, Tanaobisas amiaki iJangeba 

NO-s warmoqmniT: 

4NH3+5O2 4NO+6H2O  
amiaki metalTa oqsidebidan aRadgens metalebs, TviTon ki N2-mde 

iJangeba: 
3CuO + 2NH3→ 3Cu + N2  + 3H2O 

VI da VII jgufis arametalebis wyalbadnaerTebisagan gansxvavebiT, 
romlebsac mJauri buneba aqvs, amiaki fuZe bunebisaa. amiakis  molekula 
H+-ionebis aqceptoria. is moqmedebs mJavebTan rogorc Tavisufal 
mdgomareobaSi, ise wyalxsnarebSic da amoniumis marilebs warmoqmnis: 

NH3+HCl NH4Cl  
amiaki amonium-ionis warmoqmniT moqmedebs agreTve wyalTan: 

NH3+H2O NH4OH  
NH3+H2O NH3  H2O* NH4

+ + OH-
 

amitom amiakis wyalxsnars tute reaqcia aqvs, Tumca is susti fuZea. 
amoniumis hidroqsidi susti eleqtrolitia. igi aramdgradia da arsebobs 
mxolod wyalxsnarSi.  

amoniumis hidroqsidi amiakis msgavsad warmoqmnis amoniumis mari-
lebs. amoniumis marilebi ufero, ionuri kristaluri struqturis naer-
Tebia, wyalSi kargad ixsnebian da Zlier eleqtrolitebs miekuTvnebian; 
emsgavsebian tute metalebis marilebs, gansakuTrebiT kaliumisas, rac 
maTi ionebis radiusebis mniSvnelobaTa siaxloviT aixsneba.  

amoniumis marilebi (radgan amiaki susti fuZea) wyliT hidro-
lizdebian: 

NH4
+ + Cl- + H2O NH4OH + H++ Cl-  

NH4
++H2O       NH3 +H3O+

 
amoniumis marilebs marilebisTvis damaxasiaTebeli yvela Tviseba 

aqvs. isini reaqciaSi Sedian mJaveebTan, tuteebTan, marilebTan da 
gaxurebiT iSlebian. tutesTan reaqcia maT aRmosaCenad gamoiyeneba, 
ramdenadac am dros SeimCneva amiakis damaxasiaTebeli suni: 
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tNH4Cl+NaOH         NaCl+NH3    + H2O
 

amoniumis zogierTi marilebis daSla Seqcevadia:  

NH4Cl     NH3+HCl  
Seqcevadad iSlebian amoniumis is marilebi, romelTa anionebi ar 

arian mJangavebi (rogoricaa Cl-) an susti mJangavebia. 
xolo Tu marilis anioni mkveTrad gamoxatuli mJangavia, daSla 

mimdinareobs Jangva-aRdgeniT da reaqcia Seuqcevadia: 

NH4NO3        N2O+2H2O  
NH4NO2        N2+2H2O  

(NH4)2Cr2O7 N2 +Cr2O3  + 4H2O  
amiaks da mis marilebs didi gamoyeneba aqvT. amiaki advilad Txevad-

deba, misi aorTqlebisas didi raodenobiT siTbo STainTqmeba. amitom 
amiaki sxvadasxva gamacivebel mowyobilobaSi gamoiyeneba. misi wyal-
xsnari moixmareba medicinasa da yofa-cxovrebaSi, xolo Txevadi amiaki 
da amoniumis marilebi –   NH4NO3  da (NH4)2SO4, gamoiyeneba sasuqad.   

NH4Cl gamoiyeneba samRebro saqmeSi, agreTve metalTa SelRobisas, 
ramdenadac is metalTa zedapirs oqsidebisagan aTavisuflebs. gaxure-
buli metalis NH4Cl-Tan Sexebisas. metalTa zedapirze arsebuli oqsi-
debi metalamde aRdgebian an aqrolad qloridebad gardaiqmnebian: 

4CuO+2NH4C l 3Cu+CuCl2+N2+4H2O  

      Fe3O4+8NH4Cl FeCl2+2FeCl3+8NH3+4H2O
 

amiakis wyalbad-atomebs (miuxedavad imisa, rom amiaki fuZea) metaliT 
Canacvlebis unari aqvs. Txevad amiakSi wyalbadis tute metalebiT 
nawilobriv Canacvlebis produqtebs amidebi ewodeba (mag., NaNH2): 

2NH3+2Na 2NaNH2+H2  
wyali amidebs Slis amiakis gamoyofiT: 
                                                 NaNH2 + H2O → NaOH + NH3↑ 
rogorc Zlieri wyalwarmTmevi da fuZe Tvisebebis mqone naerTi, 

NaNH2 gamoiyeneba zogierT organul sinTezSi, mag., indigos da zogierTi 
samkurnalo preparatis warmoebaSi, agreTve polimerizaciis kataliza-
torad (anionuri polimerizacia). 

metalebiT sruli Canacvlebisas miRebul naerTebs ki metalTa 
nitridebi ewodeba. zogierTi maTgani Li3N, Ca3N2 da Mg3N2 miiReba azotTan 
metalebis pirdapiri urTierTqmedebiT:   

                                                3Mg+N2 Mg3N2  
nitridebi wyliT srulad hidrolizdeba: 

  Mg3N2 +6H2O 3Mg(OH)2 +2NH3    
amiakis wyalbadis atomebi SeiZleba halogebiTac Cainacvlos. mag., 

NH4Cl-is konc. xsnarze Cl2-is moqmedebiT miiReba NCl3 _ azotis qloridi 
(qloris nitridi): 

NH4Cl + 3Cl2 → NCl3 + 4HCl 
igi mZime siTxea, feTqebadia.  
aseTive Tvisebebi aqvs azotis iodids (iodis nitridi). azotis 

iodidi miiReba amiakze iodis moqmedebiT: 
2NH3 + I2 →  2 NI 3 + 3H2 

nestiani azotis iodidi saSiSi ar aris, mSrali ki umniSvnelo 
Sexebisas feTqdeba iisferi iodis orTqlis gamoyofiT.  
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azotis qloridi da azotis iodidi wyalTan urTierTqmedebisas 
iSlebian amiakis da Sesabamisad, qveqlorovan da qveiodovan mJavad: 

NCl3 + 3H2O → NH3 + 3HClO 
2NI 3 + 3H2O → NH3 + 3HlO 

fTorTan azoti mdgrad, arafeTqebad naerTs – NF3 (azotis fTorids 
anu fToris nitrids warmoqmnis. azotis fToridi hidrolizdeba 
fTorwyalbadis da N2O3-is warmoqmniT: 

2NF3 + 3H2O → N2O3 + 6HF 
    

hidrazini, hidroqsilamini da azotwyalbadmJava: rogorc zemoT 
aRvniSneT, azoti wyalbadTan garda amiakisa kidev warmoqmnis ramdenime 
naerTs, romelTa Soris mniSvnelovania hidrazini (N2H4, romelic 
SeiZleba ganvixiloT, rogorc wyalbadis pernitridi). mis molekulas 
arawrfivi aRnagoba aqvs: 

N N

H

H
HH 112

0.145 nm

0

 
hidrazinis molekulebi polarulia, asocirebulia wyalbaduri 

bmebiT. hidrazini ufero siTxea. wyalSi kargad ixsneba. miiReba 
natriumis hipoqloritze amiakis konc. xsnaris moqmedebiT: 

 

NaClO + 2NH3 → N2H4 + NaCl + H2O 
 

hidrazini, warmoadgens ra fuZes, ori donoris eleqtronuli 
wyvilebiT, mJavebTan orgvar marilebs warmoqmnis: mag., HCl-Tan: N2H4•HCl 
da N2H4•2HCl. hidrazini endoTermuli naerTia, amitom is da misi marilebi 
gacilebiT aramdgradia, vidre amiaki da amoniumis nawarmebi. 

hidrazini Zlieri aRmdgenia: 
5N2H4 + 4KMnO4 + 6H2SO4→ 5N2 + 2K2SO4 + 4MnSO4 + 16H2O 

haerze iwvis didi raodenobiT siTbos gamoyofiT:  
N2H4 + O2 → N2 + 2H2O 

hidrazini da misi yvela nawarmi Zlier momwamlavia.  
hidroqsilamini (NH2OH) ufero kristaluri nivTierebaa, lRveba 330C-

ze. is miiReba atomuri wyalbadiT azotmJavas aRdgenisas eleqtrolizis 
procesSi: 

HNO3 + 6H → NH2OH + 2H2O 
 hidroqsilamini, hidrazinis msgavsad, Seicavs gauziarebeli eleqt-

ronuli wyvilis mqone azotis atoms, romliTac ierTebs protons 
donorul-aqceptoruli meqanizmiT, amitom hidroqsilamini fuZea, reaqcia-
Si Sedis mJavebTan marilebis warmoqmniT: 

NH2OH + HCl → [NH3OH]+Cl¯ 
hidroqsilaminSi azotis JangviTi ricxvi -1-ia, amitom is amJRavnebs 

rogorc mJangav, ise aRmdgen Tvisebas. rigSi H2O2-NH2OH-N2H4 aRmdgeni 
unari Zlierdeba, mJangavi unari ki mcirdeba. yvela maTgans Jangva-
aRdgeniTi TvalsazrisiT ormagi buneba aqvs, magram, rogorc mJangavi, 
maT Soris yvelaze Zlieri wyalbadis peroqsidia, xolo rogorc 
aRmdgeni _ hidrazini. hidroqsilamini tute areSi Zlieri aRmdgenia, xolo 
mJava areSi ki _ mJangavi: 

2NH2OH + I2 + 2KOH → N2 + 2KI + 4H2O 
2NH2OH + 4FeSO4 +3H2SO4→ 2Fe2(SO4)3 + (NH4)2SO4 + 2H2O 
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hidroqsilamini wyalbadis peroqsidis msgavsad ganicdis dispropor-
cionirebas: 

3NH2OH → NH3 + N2 + 3H2O 
amiakis da hidrazinis msgavsad warmoqmnis kompleqsnaerTebs, 

magaliTad: [Co(NH2OH)6]Cl3, [Co(N2H4)6]Cl3  da sxv.  
hidroqsilamini da misi marilebi gamoiyeneba organul sinTezSi.  
azotwyalbadmJava mkveTri sunis ufero siTxea. miiReba hidrazinis 

wyalxsnarze azotovanmJavas moqmedebiT. susti mJavaa, wyalxsnarebSi 
disocirdeba H+ da N3

- ionebis warmoqmniT: 

 H+ +  N3
-HN3  

N3
- ions xazovani aRnagoba aqvs.  

azotwyalbadmJavas marilebs azidebi ewodeba. azidebi feTqebadi 
naerTebia. gamoiyeneba asafeTqebeli masalebis dasamzadeblad. maTi deto-
natoria Pb(NO3)2. 

 

azotis oqsidebi: azoti warmoqmnis oqsidebs: N2O _ azotis(I) oqsidi, 
NO _ azotis(II) oqsidi, N2O3 _ azotovani anhidridi, NO2 azotis(IV) oqsidi 
da N2O5 _ azotis ahidridi. 

azotis(I) oqsidi (N2O) marilarwarmomqneli oqsidia. ar ixsneba wyal-
Si, ar moqmedebes mJavebTan da tuteebTan. NN2O ufero, susti sasiamovno 
sunis airia. mas narkozuli moqmedeba axasiaTebs, amitom “malxeni airi” 
uwodes. is miiReba amoniumis nitratis gaxurebiT: 

NH4NO3 → N2O + 2H2O 
5000C-ze maRal temperaturaze N2O iSleba molekuluri azotis da 

Jangbadis warmoqmniT: 
2N2O → 2N2 + O2 

N2O Jangavs arametalebs da metalebs da aRdgeba molekulur 
azotamde: 

 Cu + N2O → N2 + CuO 
                                                            C + N2O → N2 + CO 
                                                            S + 2N2O → 2N2 + SO2 

           2NH3 + 3N2O → 4N2 + 3H2O 
 

azotis(II) oqsidi (NO): azotis(II) oqsidis molekulis polaroba mcirea, 
radgan misi da periodul sistemaSi mezoblad mdebare Jangbadis eleqtro-
uaryofiToba ar aris mniSvnelovnad gansxvavdebuli.  N2O-s msgavsad, NO 
marilarwarmomqmneli oqsidiia. mis molekulaSi π-simetriis gamTiSav 
orbitalze erTi eleqtronia, amitom kondensirebul mdgomareobaSi NO-s 
paramagnituri Tviseba gaaCnia. misi sfecifikuri aRnagobis miuxedavad is 
ufero airia. wyalSi cudad ixsneba. myar mdgomareobaSi srul dimerizacias 
ganicdis. NO-Si bmis rigi molekuluri azotis bmis rigs 0,5-iT CamorCeba 
(udris 2,5-s), risgamoc Sualeduri adgili ukavia Jangbadis (2) da azotis 
(3) bmis rigis mniSvnelobebs Soris. NO-s aseTi eleqtronuli struqtura 
aris misi SedarebiTi aqtiurobis (umdgradobis) mizezi. is advilad 
gascems erT eleqtrons masze ufro mdgradi NO+-s (nitrozoniumis ioni) 
warmoqmniT. nitrozoniumis ionis miReba SeiZleba N2O3-is gogirdmJavasTan 
urTierTqmedebiT: 

N2O3 + 2H2SO4 → 2NO+ + 2HSO4
- + H2O 

nitrozoniumis hidrosulfats (bisulfats) NOHSO4-s nitrozil-
gogirdmJava ewodeba. is ionuri naerTia da Cveulebriv pirobebSi myari 
nivTierebaa. nitrozoniumis hidrosulfatis garda cnobilia misi sxva 
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marilebi, magaliTad, NOClO4, NOBrO4 da a.S., romlebic advilad hidro-
lizdebian:  

NO+ + H2O → H+ + HNO2 

NO endoTermuli naerTia. is martiv nivTierebebidan mxolod Zalian 
maRal (~35000C, haerSi eleqtruli ganmuxtvisas, elWeqis dros) temperatu-
raze warmoiqmneba: 

N2 + O2 2NO  
azotmJavas warmoebisTvis saWiro NO-s teqnikaSi amiakis katalizuri 

JangviT Rebuloben: 
                         4NH3 + 5O2 → 4NO + 6H2O 

2NO + O2 → 2NO2  
laboratoriul pirobebSi ki NO-s e.w. pasiur metalebze (mag., Cu) 

ganzavebuli azotmJavas moqmedebiT iReben: 
3Cu + 8HNO3  → 3Cu(NO3)2  + 2NO+ 4H2O 

NO urTierTqmedebs aqtiur metalebTan (Txevad amiakSi, mJangavia): 
Na + NO→ Na+NO- 

NO urTierTqmedebs halogenebTan, mag., qlorTan NOCl-is warmoqmniT: 
2NO + Cl2  →  2NOCl 

nitrozilqloridi maRali raqciisunarianobiT gamoirCeva. is advi-
lad Jangavs keTilSobil metalebs (mag., oqro, platina da sxv.), qloris 
atomur mdgomareobaSi gamoyofis gamo: 

3NOCl + Au → AuCl3 +3NO 
am reaqciazea dafuZnebuli keTilSobili metalebis e.w. “mefis 

araySi” (3HCl: 1HNO3) gaxsnis procesi. 
 

azotovani anhidridi (N2O3): N2O3 Cveulebriv pirobebSi muqi lurji 
feris siTxea. WurWelSi mis zemoT yovelTvis mura-wiTeli feris airia, 
rac misi NO2-is gamoyofiT daSlis damadasturebelia. N2O3 (advilad 
warmoiqmneba NO2-is da NO-s narevis gacivebiT, mdgradia dabal 
temperaturaze): 

NO2  +  NON2O3  

  N2O3 SeiZleba miviRoT As2O3-ze HNO3-s moqmedebiT: 
As2O3 + 2HNO3 + 2H2O → NO + NO2 + 2H3AsO4 

miRebul airTa narevs aciveben da Rebuloben N2O3. 
mas Seesabameba azotovanmJava: 

NO + NO2 + H2O → 2 HNO2 
 

azotis(IV) oqsidi (NO2): azotis(IV) oqsidis molekulas arawrfivi 
aRnagoba aqvs: 

N

O O

0.12 nm

132 0
 

 

NO2-is molekulaSi aris 2 σ-bma da erTi samcentriani π-bma. aqedan 
gamomdinare bmis rigia 1,5, rac azotis(II) oqsidis molekulaSi Sesabamis 
bmis rigze erTiT naklebia. NO2 advilad ganicdis dimerizacias: 

N2O42NO2  
 (1400C)     (-110C) 

00C-ze NO2-is da N2O4-is narevia. rac ufro dabalia temperatura, miT 
ufro gadaxrilia wonasworoba marjvniv da piriqiT. 
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NO2 azotis oqsidebs Soris, teqnikuri TvasazrisiT, yvelaze mniSvne-
lovani oqsidia. rogorc zemoT aRvniSneT, NO2 warmoebaSi amiakis kata-
lizuri JangviT miiReba, laboratoriul pirobebSi ki – mZime metalTa, 
mag., tyviis nitratis Termuli daSliT an spilenZze konc. azotmJavas 
moqmedebiT: 

  2Pb(NO3)2 → 2PbO +  4NO2 + O2 
   Cu + 4HNO3 → Cu(NO3)2 + 2NO2 + 2H2O 

NO2 mura-wiTeli feris wyalSi kargad xsnadi momwamlavi airia. 
wyalSi gaxsnisas ganicdis disproporcionirebas azotmJavas da NO-s 
warmoqmniT: 

6NO2 + 2H2O → 4HNO3 + 2NO O 
NO2-is haeris JangbadTan narevis saxiT wyalSi gaxsnisas aRweven mis 

azotmJavad srul gardaqmnas, rasac didi samrewvelo mniSvneloba aqvs: 
4NO2 + 2H2O + O2 4HNO3  

Tumca, reaqciis Seqcevadobis gamo, miRebuli azotmJava ar aris maRa-
li koncentraciis. koncentraciis gasazrdelad mis Semdgom damuSavebas 
awarmoeben. 

NO2 tutesTan ornair marils warmoqmnis – nitrits da nitrats: 
2NO2 + 2NaOH → NaNO2 + NaNO3 + H2O 

xolo NO2-is JangbadTan narevis SemTxvevaSi mxolod nitrati 
warmoiqneba: 

4NO2 + 4NaOH + O2 → 4NaNO3 + 2H2O 
igi Zlieri mJangavia. masSi iwvis naxSirbadi, gogirdi, fosfori da 

a.S.: 
2C + 2NO2 → 2 CO2 + N2 

 

azotis oqsidi +5 JangviTi ricxviT – azotis ahidridi (N2O5): N2O5-s 
monomeruli saxiT orTqlis mdgomareobaSia, mis molekulas simetriuli 
aRnagoba aqvs: 

N
O

O

O
O N

O  
azotis anhidridi miiReba Zlier wyalwamrTmev nivTierebasTan azot-

mJavas gacxelebiT: 
2HNO3 + P2O5 → N2O5 + 2HPO3 

N2O5 ufero, aramdgradi kristaluri nivTierebaa.  
oTaxis temperaturaze is advilad iSleba azotis(IV) oqsidis da 

molekuluri Jangbadis warmoqmniT: 
2N2O5  → 4NO2 + O2 

amitom Zlieri mJangavia. wyalSi ixsneba azotmJavas warmoqmniT: 
N2O5 + H2O → 2HNO3 

tuteebTan urTierTqmedebs nitratebis warmoqmniT: 
N2O5 + 2NaOH → 2NaNO3 + H2O 

 

azotovanmJava da misi marilebi: N2O3-is Sesabamisi mJava HNO2 
mxolod wyalxsnarSi arsebobs. HNO2 ZmarmJavaze ufro susti mJavaa; mas 
aqvs disproporcionirebisadmi midrekileba, misi daSla wyalxsnarSic ki 
mimdinareobs. Zalian aramdgradia da advilad iSleba: 

3HNO2 HNO3+2NO+H2O  
azotovanmJavasTan SedarebiT misi marilebi gacilebiT mdgradia da 

gamoyofilia individualur mdgomareobaSi, dauSlelad lRveba mxolod 
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NaNO2  da KNO2. azotis naerTebi azotis atomis +3 JangviTi ricxviT, 
amJRavneben rogorc aRmdgen, ise mJangav unars: 

 

  
2NaNO2 +    KI +2H2SO4 I2+2NO+K2SO4+Na2SO4+2H2O
mJangavi

2
 

2KMnO4 + 5NaNO2 +3H2SO4 2MnSO4+5NaNO3 +K2SO4 +3H2O  
azotovanmJavas marilebi – nitritebi miiReba: 
 

1. Na-is da K-is nitratebis daSliT: 
2NaNO3 2NaNO2 +O2  

2. nitratebis aRdgeniT: 
KNO3 + Pb KNO2 + PbO 

3. cxel tutis xsnarSi NO da NO2-is (maRali wnevis pirobebSi) 
narevis gatarebiT: 

2NaOH + NO + NO2 2NaNO2 +H2O  
   HNO2-is xsnari miReba nitritebis xsnaris gogirdmJaviT SemJavebiT: 

KNO2+H2SO4 KHSO4 +HNO2  
HNO2  azotmJavaze ufro Zlieri mJangavia (erTnair pirobebSi). ganz. 

azotmJava KI-s ver Jangavs. igive pirobebSi, HNO2 KI-dan gamoyofs iods. 
HNO2-is, rogorc mJangavis, aqtiurobis mizezi aris pirvel rigSi misi 
Termuli aramdgradoba da azotis atomis ufro naklebi ekranirebaa Jang-
badis atomebiT SedarebiT NO3

- ionTan. NO2
--is azoti sxva reagentebisa-

Tvis ufro misawvdomia, vidre NO3
--is ionis _ azoti. 

 NO2
--ions kuTxuri aRnagoba aqvs da ara xazovani, rac azotis 

atomze eleqtronuli wyvilis arsebobasTan aris dakavSirebuli. azoti 
aris sp2-hibridul mdgomareobaSi. 

 

azotmJava: mrewvelobaSi miiReba NO2-is da O2-is (minarevebisgan 
gasufTavebuli haeris) narevis wyalSi gaxsniT:  

4NO2 + 2H2O + O2 4HNO3  
laboratoriaSi azotmJavas Rebuloben myar kaliumis nitratze konc. 

gogirdmJavas moqmedebiT susti gacxelebis pirobebSi (azotmJavas daS-
lis Tavidan acilebis mizniT): 

KNO3 + H2SO4 → KHSO4 + HNO3 
HNO3 ar gamoirCeva didi mdgradobiT, misi molekulebis nawili 

Cveulebriv pirobebSi sinaTlezec iSleba. gamoyofili NO2 ixsneba 
azotmJavaSi da mas Tavis fers aZlevs: 

4NO2  +  2H2O  +  O24HNO3  
rac ufro maRalia xsnaris koncentracia da temperatura, miT ufro 

swrafad xdeba azotmJavas daSla. HNO3 erT-erTi Zlieri mJavaa, wyal-
xsnarSi srulad aris daSlili ionebad:  

HNO3 → H+ + NO3
- 

azotmJava erT-erTi Zlieri mJangavia, bevr arametals Jangavs:  

C +   HNO3 CO2
+     NO2 +   H2O4 4 2  

 

S +   HNO3 H2SO4 +   NO2 +    H2O6 6 2  
 

P + HNO3 H3PO4+    NO2 + H2O5 5  
fosfors ganzavebuli azotmJavac Jangavs: 

 

P +   HNO3 +   H2O H3PO4+ NO5 2 53 3  
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azotmJava TiTqmis yvela metals (rogorc wyalbadamde, ise 
wyalbadis Semdeg moTavsebuls) Jangavs da gardaqmnis nitratad (zogjer 
oqsidad). zogierT wyalbadamde moTavsebul metals (Fe, Cr, Al) konc. HNO3 

apasiurebs. Cveulebriv pirobebSi maTTan reaqciaSi ar Sedis, magram 
maRal temperaturaze am metalebsac gardaqmnis. 

gamodis ra mJangavis rolSi, reaqciis pirobebze, mJavis koncentra-
ciaze da metalis aqtiurobaze damokidebulebiT SeiZleba sxvadasxva 
xarisxiT aRdges:                           

NO2, N2O3, NO, N2O, N2, NH3 (NH4NO3)
+4 +3 +2 +1 0 -3

 
rac ufro koncentrirebulia mJava, miT ufro naklebi xarisxiT 

aRdgeba N+5. konc. HNO3-is SemTxvevaSi ZiriTadad gamoiyofa NO2: 
Cu +   HNO3 Cu(NO3)2 +     NO2 +      H2O4 2 2  

ნაკლებ აქტიურ მეტალებთან ganz. HNO3-is მოქმeდებიsas, aRdgena xdeba 
NO-mde: 

Cu +   HNO3 Cu(NO3)2 + NO +      H2O3 8 3 2 4  
საშუალო აქტიურობის მეტალებთან  (Fe) გამოიყოფა N2O, ძალიან განზ.  

HNO3-is აქტიურ მეტალებთან (Mg, Al, Zu) მოქმედებიsas მიიღება ამონიუმის 
ნიტრატი: 

Fe+HNO3 Fe(NO3)2+N2O+H2O
ganz  

Fe +      HNO3 Fe(NO3)2+ NH4NO3+    H2O
Zalian ganz.

410 34
 

HNO3-is მეტალებთან მოქმედებისას წყალბადი, როგორც წესი არ გამოიყოფა. 
rogorc zemoT aRvniSneT, HNO3-isa და HCl-is ნარევს 1:3 მოლური 

თანაფარდობით, “samefo arayi” ewodeba. ის ხსნის ოქროs და პლატინის 
ქვეჯგუფის ბევრ მეტალს: 

Au + HNO3 +3HCl AuCl3 + NO +2H2O
 

 HNO3 +3HCl Cl2 + NO Cl +2H2O
 

2NOCl 2NO +Cl2  
ჭარბ HCl-თან AuCl3 და PtCl4 კომპლექსებს წარმოქმნის:  

AuCl3  +HCl H[AlCl4}
 

3Pt + 4HNO3 +12HCl 3PtCl4 + 4NO +8H2O  
PtCl4 +2HCl H2[PtCl6] 

კონც. HNO3 მოქმედებს ბევრ ორგანულ ნივთიერებასთან ერTი ან რამდენიმე 
წყალბადის atomis NO2-ით ჩანაცვლებით (ნიტრირების რეაქციები). 

აზოტმჟავას დიდი გამოყენება აქვს აზოტოვანი sasuqების, საღებრების და 
ფეთქებადი ნივთიერების წარმოებაში. 

ნიტრატები. ყველა ნიტრატი წყალში ხსნადია; იშლება გახურებით და ერთ-

ერთი პროდუქტი ყოველთვის ჟანგბადია. ამასთან სულ სამი განსხვავებული 
ტიპის დაშლას აქვს ადგილი: აქტიური მეტალების ნიტრატები Mg-is ჩათვლით 

იშლება ნიტრიტად და ჟანგბადად: 

2KNO3
t 2KNO2 +O2  

Mg–Cu nitratebi iSleba metalis oqsidis, azotis dioqsidis da 
molekuluri Jangbadis gamoyofiT:  

2CuO +4NO2 +O22Cu(NO3)2      
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Cu-is marjvniv mdebare metalTa nitratebi ki Semdegi sqemiT iSleba: 
2Ag + 2NO2 + O22AgNO3  

ნიტრატების განსხვავებული ქცევა გახურებისადმი შეიძლება პოლარიზა-
ციულ თეორიის პოზიციებიდან ასე აიხსნას. მაგ., Cu(NO3)2-ის შემადგენელი 
სპილენძის იონებi, მaTi დიდი მაპოლარიზებელი მოქმედების გამო (მცირე 
იონური რადიუსი, +2 მუხტი, თითქმის შევსებული 18 ელექტრონიანი შიდა შრე), 
maRal temperaturaze NO 3

--s aniWebs Zlier kontrapolarizaciul efeqts. 
NO3

- _ ioni, romelic ar ganicdis Cu2+-ionis moqmedebas SeiZleba ase 
gamovsaxoT: 

+

-

+

-

-

+

N

+

 
 

Jangbadis atomebi araagznebul NO3
--ionSi polarizebulia, amasTan, 

eleqtronuli simkvrivis maqsimumi modis O-N bmis ubanze (Jangbadis 
atomis uaryofiTi polusi azotisken aris mimarTuli). sawinaaRmdego 
bolo ki xasiaTdeba dabali eleqtronuli simkvriviT da Sesabamisad 
aris dadebiTi. Cu2+-ioni miuaxlovdeba Tu ara erT-erT Jangbads. (NO3

--
ionidan) iwvevs NO3

--ionSi eleqtronuli simkvrivis axal gadanawilebas, 
ris Sedegadac Jangbadatomis periferiul ubanSi eleqtronuli simkvrive 
gaizrdeba, xolo Siga nawilSi Semcirdeba.  

+

-

+

-

-

+

N

Cu2+  
 

am movlenas, rogorc cnobilia, kontrpolarizacia ewodeba.Aris 
Sedegadac  NO3

--ionSi azotis kavSiri im erT-erT JangbadTan sustdeba, 
rasac am bmis gaxleCa moyveba da Sedegad warmoiqmneba CuO da NO 

2. 
tute metalis ionebs ar SeuZliaT NO3

--ionis polarizeba ise 
Zlierad, rogorc Cu2+-s. amitom am nitratebis gaxurebisas miiReba 
nitritebi da ara oqsidebi. Ne.i NO3

- -ionis kontaqti tute metalTan N−O 
bmas ar asustebs, amitom aseTi nitratebi gacxelebisas daiSleba iq, 
sadac aseTi kontaqti ar aris. 

azotmJavas yvela marili wyalSi xsnadia. nitratebis aRmoCena xdeba 
spilenZTan da konc. H2SO4-Tan gacxelebiT: 

Cu +4NaNO3 +2H2SO4 2NaHSO4 + Cu(NO3)2 +2NO2 +2H2O
Y 
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განსაკუთრებით მნიშვნელოვანია Na, K, Ca და ამონიუმის nitratebi, 

რომლებსაც გვარჯილებს უწოდებენ. ისინი გამოიყენებიან სასუქად. NaNO3 

გავრცელებულია ჩილეში. 
KNO3 ufro Rirebuli sasuqia, radgan azotTan erTad kaliumsac 

Seicavs. Ca(NO3)2 სასუქია. ღებულობენ HNO3-ის კირით განეიტრალებით. ასევე 
აზოტის მაღალი procentuli შემცველობით გამოირCევა Txevadi amiaki. 

აზოტის მეტად მნიშვნელოვანი სასუქebია აგრეთვე შარდოვანა  CO(NH2)2 da 
amoniumis gvarjila.  

ნიტრატების წყალხსნარები არ ავლენენ ჟანგვის უნარს. ძლიერი მჟანგავებია 
მათი ნალღობებია. შავი დენთის ფეთქებადი უნარი განპირობებულია KNO3-ის 
მჟანგავი მოქმედებით: 

2KNO3 + S + 3 C K2S + N2 + 3 CO2  
qveazotovanmJava H2N2O2 miiReba NO-ze wyalbadis moqmedebiT: 

2NO + H2 H2N2O2  
H2N2O2 myari, Zlier feTqebadi nivTierebaa, Senaxvisas TavisTavad 

iSleba: 
H2O +N2OH2N2O2 H 

aqedan gamomdinare N2O  unda warmoadgendes mis anhidrids, magram 
N2O wyalTan reaqciaSi ar Sedis da ar warmoqmnis am mJavas. 

qveazotovanmJava Zlier susti mJavaa, is iCens aRmdgen unars: 

         5H2N2O2 + 8KMnO4 + 12H2SO4 4K2SO4 + 8MnSO4 + 10HNO3 + 12H2O  
 H2N2O2-is marilebs hiponitritebi ewodeba. SeiZleba sruli da ara-

sruli hiponitritebis miReba, e.i. H2N2O2 orfuZiani mJavaa. miRebuli hipo-
nitritebi, mag., Na2N2O2 aramdgradia da haeris JangbadiT advilad 
iJangeba nitritad: 

4NaNO22Na2N2O2 +2O2  
cnobilia agreTve hidroazotovanmJava H4N2O4, miRebulia misi mari-

lebi  Na, Ca. Ba. Sr, Cd.... 
NO wyalTan ar Sedis reaqciaSi da mJavas ar warmoqmnis, magram is 

urTierTqmedebs tute da tutemiwaTa metalebis oqsidebTan hidroazoto-
vanmJavas marilebis warmoqmniT: 

2NO + 2Na2O Na4N2O4 
 

HNO4 – azotis zemJava: 
 

N - O - O - H

O

O  
 

miReba: 
  

HNO4 +H2OHNO3 +H2O2  
 

   HNO4 Zlier feTqebadi da mJangavi naerTia. 
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s
n = 3 p

4.1. fosfori 
 

 

fosfori (berZnulad “sinaTlis matarebeli”, aRmoaCina xenig brantma 
1669wels) igi V jgufis p-elementia. azotis eleqtronuli analogia: 
1s22s21p63s23p3, magram azotisagan gansxvavebiT gaaCnia vakanturi d-orbita-
lebi: 
                                       

                                                                                                 
                                        d 

 

       
fosforis atomuri radiusi aRemateba azotisas, xolo misi 

eleqtrouaryofiToba da ionizaciis energia (I1) azotis eleqtro-
uaryofiTobaze da ionizaciis energiaze (I1) naklebia. fosforis atoms 
azotis atomTan SedarebiT maRali polarizebadobis unari gaaCnia. misi 
koordinaciuli ricxvi eqvsis tolia. aqvs ra vakanturi d-qvedone, mas 
SeuZlia gamoavlinos sxvadasxva JangviTi ricxvebi: -3 (mag., metalebTan 
naerTebSi – fosfidebSi, PH3), +3, +5 (oqsidebSi, oqsomJavebSi da maT 
marilebSi), yvelaze damaxasiaTebeli JangviTi ricxvi misTvis +5-ia. 

fosfori bunebaSi sakmaod farTod gavrcelebuli elementia. 
fosfori gavrcelebulia rogorc cocxal, ise aracocxal (mineraluri 
marilebis) bunebaSi. sxvadasxva araorganuli (mag., fosfatis saxiT) da 
organuli naerTis saxiT Sedis adamianis organizmis SemadgenlobaSi, 
sadac is mniSvnelovan funqciebs asrulebs.   

fosforis ZiriTadi nedleulia fosfatebi [Ca3(PO4)2] (zRvis danaleqi 
qanebi) da vulkanuri warmoSobis fTor- da qlorapatitebi – 
3Ca3(PO4)2•CaF2 da 3Ca3(PO4)2•CaCl2.  

fosfatebidan fosforis miRebis samrewvelo xerxia maTi gaxureba 
qviSisa da naxSiris (qvanaxSiris fxvnilis) narevTan: 
 

2Ca3(PO4)2 + 6SiO2 + 10C → 6CaSiO3 + 10CO +P4 
 

orTqlis saxiT gamoyofil fosfors civ wyalSi akondensireben. am 
dros miiReba TeTri fosfori, romelic fosforis erT-erTi alotro-
piuli modifikaciaa. cnobilia fosforis kidev ori alotropiuli 
modifikacia – wiTeli da Savi. fosforis alotropiuli modifikaciebi 
struqturiT arsebiTad gansxvavdebian, Tumca yvela es forma fosforis 
atomebs P–P–P fragmentebis saxiT Seicavs. 

TeTri fosfori dabalmolekuluri, wesieri samkuTxa piramidis 
(tetraedris) aRnagobis mqone advillRobadi, cvilis magvari, Zlier 
momwamlavi nivTierebaa (sqema 3). TeTri fosfori haerze advilad iJangeba 
(amis gamo mas wylis qveS inaxaven – wyalSi uxsnadia), aldeba ~600C-ze 
mwvane naTebiT. ixsneba gogirdnaxSirbadSi. TeTr fosfors aqvs 
molekuluri kristaluri meseri, romlis kvanZebSi P4 molekulebia 
ganlagebuli: 
 

P

PP

P

 
 

sqema 3 
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20000C-ze gaxurebiT TeTri fosforis molekulebi atomebad iSleba: 
TeTri fosforis uhaerod 1700C-ze xangrZlivi gaxurebiT 

warmoiqmneba fosforis araqroladi alotropiuli forma wiTeli 
fosfori, romelsac xazovani policikluri atomuri struqtura aqvs. 
TeTri fosforisagan gansxvavebiT is Znelad iJangeba da haerze ar 
anaTebs. wyalSi da gogirdnaxSirbadSi uxsnadia.  
 

 
 

sqema 4 
 

wiTeli fosfori gamoiyeneba asanTis warmoebaSi da metalurgiaSi. 
asanTis warmoebaSi wiTeli fosforis gamoyeneba efuZneba misi berToles 
mariliT daJangvisas didi raodenobiT siTbos swrafad gamoyofis unars, 
romelic gogirdiT dafaruli asanTis Reros Tavis aalebis iwvevs: 

6P + 5KClO3 → 5KCl + 3P2O5 (P4O10) 
TeTri fosforis gaxurebiT 2000C-ze da 1200 mpa wnevaze warmoiqmneba 

fosforis mesame alotropiuli modifikacia Savi fosfori. mas policik-
luri atomuri struqtura aqvs: 
 

 
sqema 5 

 

Savi fosfori, romelic uxsnadi da ulRobia, grafitis msgavsi 
nivTierebaa. Jangbads ar uerTdeba arc Cveulebriv da arc maRal tempera-
turaze; naxevargamtaria. 
 

qimiuri Tvisebebi:Ffosfori maRal temperaturaze uerTdeba haloge-
nebs [SeiZleba warmoiqmnas fosfor(III)-is da fosfor(V)-is halogenidebi] 
moqmedebs agreTve gogirdTan: 

2P + 3Cl2 → 2PCl3  
(analogiurad uerTdeba is bromsa da iods) 

 

2P + 5Cl2 → 2PCl5 
2P + 3Br2 → 2PBr3 

2P + 3J2 → 2PI3 
2P + 3S → P2S3      

rogorc zemoT aRvniSneT, TeTri da wiTeli fosfori JangbadTan 
sxvadasxva temperaturaze Sedian reaqciaSi. Warbi Jangbadis SemTxvevaSi 
orive warmoiqmnis P4O10: 

4P + 5O2 → P4O10 
Jangbadis ukmarisobisas an neli Jangvisas warmoiqmneba P4O6. 
fosfori iJangeba azotmJaviT (ganzavebuliT da koncentrirebuliT) 

orTofosformJavas warmoqmniT: 
3P + 5HNO3 ganz. + 2H2O → 3H3PO4 + 5NO 
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                                      P + 5HNO3 (konc.) → H3PO4 + 5NO2 + H2O 
aseve Jangavs fosfors konc. gogirdmJava: 

2P + 5H2SO4(konc.) → 2H3PO4 + 5SO2 + 2H2O 
gacxelebisas fosfori TiTqmis yvela metalTan urTierTqmedebs 

fosfidebis warmoqmniT. magaliTad: 
3Na + P → Na3P 

3Mg + 2P → Mg3P2 
Al + P → AlP 

metalTa zemoaRniSnuli tipis fosfidebi advilad hidrolizdebian 
(fosfinis gamoyofiT): 

Mg3P2 + 6H2O → 3Mg(OH)2 + 2PH3↑ 
miRebulia agreTve polimeruli an metalmsgavsi fosfidebi (mag., 

Fe2P), romlebic xasiaTdeba metaluri bzinvarebiT da eleqtrogamtarobiT. 
isini warmoadgenen Zvirfas nivTierebebs naxevargamtaruli masalebis 
dasamzadeblad. 

fosfini PH3 fosforis wyalbadnaerTia. fosfini ufero, arasasiamov-
no (nivris) sunis, momwamlavi aramdgradi airia (SeadareT amiaks). fos-
forTan wyalbadis pirdapiri SeerTebiT ar miiReba. mas, rogorc zemoT 
aRvniSneT, fosfidebze ganz. mJavebis an wylis moqmedebiT Rebuloben. 
fosfini miiReba agreTve TeTri fosforis tuteebTan disprorcionirebis 
reaqciiT: 

2P4 + 3Ba(OH)2  +  6H2O  → 3Ba(H2PO2)2 + 2PH3↑ 
fosfinis molekulaSi savalento kuTxe 93,10-ia. mas trigonaluri 

piramidis forma aqvs. misi polaroba amiakis molekulis polarobaze 
naklebia. fosfins amiakTan SedarebiT kidev ufro susti fuZe buneba 
aqvs. wyalSi ixsneba, Tumca posfoniumis hidroqsids ar warmoqmnis. 
fosfoniumis ions (romelsac tetraedruli aRnagoba aqvs _ savalento 
kuTxe 109,50) fosfini mxolod Zlier mJavebTan (mag., HI, HClO4) urTierT-
qmedebisas warmoqmnian marilebs: 

PH3 + HX → PH4X (X = I, ClO4; 
 PH4ClO4 140C-ze da ufro dabal temperaturaze aris mdgradi. 
fosfini qimiurad aqtiuri naerTia. is haerze TviTaaldeba P4O10-is 

warmoqmniT: 
4PH3 + 8O2 → P4O10 + 6H2O 

an JangbadSi:      
PH3 + 2O2 → HPO3 + H2O 

fosforis wyalbadnaerTia agreTve Txevadi difosforis tetrahid-
ridi – P2H4. ufero siTxea, haerze fosfinis msgavsad TviTaaldeba. P2H4 
xilul sinaTleze TavisTavad iSleba: 

3P2H4 ⇄ 2PH3  + P4H2 + 2H2 
hidrazinisgan  gansxvavebiT, P2H4 fuZe bunebas ar avlens.  

 

fosforis halogennaerTebi: cnobilia fosforis sxvadasxva haloge-
nidi: PCl3 (siTxe), PCl5 (myari), PF3 (airi), PF5 (airi), PBr3 (siTxe), PBr5 (myari), PI3 

(myari). maTgan SedarebiT farTod gamoiyeneba PCl5, romelic gacxelebisas 
iSleba: 

PCl5 → PCl3 + Cl2 
PCl3 da PCl5  advilad hidrolizdeba, Sesabamisad, fosforovan da 

orTofosformJavas warmoqmniT: 
PCl3 + 3H2O →  H3PO3 + 3HCl 
PCl5 + 4H2O →  H3PO4 + 5HCl 
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         PCl5 energiulad urTierTqmedebs amiakTan (aminolizi) teqnikurad 
mniSvnelovani naerTis, fosfazenis warmoqmniT: 

nPCl5 + nNH3 → (PNCl2)n + 3nHCl 
(warmoiqmneba cikluri naerTebi n=3, 4 da xazovani oligomerebi). 

ciklur fosfazens, misi aromatuli eleqtronuli struqturis gamo  
moxdenilad Searqves „araorganuli benzoli. 
 

fosforis JangbadnaerTebi:Lfosfors Seesabameba 2 oqsidi (fosfor-
(III)-is da fosfor(V)-is oqsidebi – P4O6  da P4O10) da 6 mJava (metafosfor-
mJava – HPO3, orTofosformJava – H3PO4, fosforovanmJava – H3PO3, piro-
fosformJava – H4P2O7, qvefosforovanmJava – H3PO2, qvefosformJava H4P2O6). 
     fosfor(III)-is da fosfor(V)-is oqsidebi – P4O6  da P4O10 cikluri 
aRnagobis naerTebia: 
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sqema 6. fosfor(III)-is da fosfor(V)-is oqsidebis cikluri struqturebi 
 

fosfor(III)-is oqsidi aris TeTri feris, kristaluri nivTi-ereba; 
Zlieri sawamlavia. miiReba fosforis JangbadiT neli Jangvisas: 

4P + 3O2 → P4O6 
civ wyalSi gaxsnisas warmoqmnis fosforovan mJavas: 

P4O6 + 6H2O → 4H3PO3 
         xolo cxeli wyliT disproporcionirebas ganicdis: 

P4O6 + 6H2O → PH3 + 3H3PO4 
        airadi HCl Slis P4O6-s H3PO3-is da  PCl3-is warmoqmniT: 

P4O6 + 6HCl → 2H3PO3 + 2PCl3 
    is inertul areSi 2100C-is zemoT gacxelebiTac iSleba: 

P4O6 → 2P + 3P2O4 
        P2O4 – H3PO4 da H3PO3-is Sereuli anhidridia, ramdenadac is wyalTan 
moqmedebisas am mJavebs warmoqmnis: 

P2O4 + 3H2O → H3PO3 + H3PO4 
H3PO3 miiReba agreTve PCl3-is da saerTod P(III)-is halogenidebis 

hidroliziT: 
PCl3 + 3HOH → 3HCl + H3PO3 
PBr3 + 3HOH → 3HBr + H3PO3 
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        H3PO3 TeTri kristaluri nivTierebaa, sawamlavia; gacxelebisas dis-
proporcionirebiT iSleba: 

4H3PO3 → 3HPO3 + 3H2O + PH3↑ 
         vercxlis nitratze moqmedebisas H3PO3 iZleva TeTr naleqs – Ag2HPO3: 

2AgNO3 + H3PO3 → Ag2HPO3 + 2HNO3 
    Ag2HPO3 gacxelebisas iSleba vercxlis gamoyofiT:  

Ag2HPO3 → 2Ag + HPO3 
         H3PO3 orfuZiani mJavaa: 

H O
P

H O

O

H  
         H3PO3 aqvs aRmdgeni unari. 
         H3PO2 – qvefosforovanmJava erTfuZiania: 

P
O

OHH

H
 

     Cveulebriv pirobebSi TeTri kristaluri nivTierebaa, lR. t. 26,50C. 
H3PO2-is marilebs hipofosfitebi hqvia. qvefosforovanmJava Zlieri aRmd-
genia. 
     qvefosformJava H4P2O6 saSualo siZlieris mJavaa, wyalbadis yvela 
atomi Canacvlebadia, e.i. is oTxfuZiani mJavaa. 
    fosforis yvela mJava gamoyofilia Tavisufal mdgomareobaSi, isini 
myari naerTebia da azotmJavasgan gansxvavebiT ara aqvT mJangavi unari. 
fosforis mJavebis aramJangavi unari ZiriTadad ganpirobebulia azotTan 
SedarebiT fosforis dabali eleqtrouaryofiTobiT da Jangbadis 
atomebiT misi atomis SedarebiT Zlieri ekranirebiT, rac mas aRmdgene-
lebisaTvis steriulad ufro nakleb misawvdoms xdis.   

P4O10 myari, TeTri feris higroskopuli nivTierebaa. wyals xarbad 
STanTqavs, amitom wyalwamrTmev saSualebad gamoiyeneba. civ wyalSi gaxs-
nisas warmoqmnis metafosformJavas, cxel wyalTan ki – orTofosfor-
mJavas: 

P4O10 + 2H2O → 4HPO3 
P4O10 + 6H2O → 4H3PO4 

orTofosformJava miiReba metafosformJavas ganzavebuli xsnaris 
duRilisas: 

HPO3 + H2O → H3PO4 
orTofosformJava 200-2500C-ze ganicdis dehidratacias pirofosfor-

mJavas warmoqmniT: 
2H3PO4 → H4P2O7 + H2O 

pirofosformJavas Semdgomi dehidrataciiT metafosformJava miiReba: 
H4P2O7 → 2HPO3 + H2O 

HPO3 Semdgomi gacxelebisas aRar iSleba. 
HPO3 pirobiTi, steqiometruli formulaa. metafosformJavas cikluri 

aRnagoba aqvs (n=1,2): 
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sqema 7. metafosformJavas cikluri struqtura 
 

     fosforis mJavebs Soris yvelaze mniSvnelovania orTofosformJava 
anu ubralod, fosformJava. H3PO4 wyalSi kargad xsnadi myari nivTie-
rebaa. saSualo siZlieris mJavaa. samfuZiania. warmoqmnis sami rigis mari-
lebs: orTofosfatebs, hidro da dihidrofosfatebs. 

Na3PO4             Ca3(PO4)2 
                                                Na2HPO4          CaHPO4 

   NaH2PO4          Ca(H2PO4)2 
     dihidrofosfatebi yvela wyalSi xsnadia, hidrofosfatidan da 
saSualo fosfatidan wyalSi kargad ixsneba tute metalebis da 
amoniumis marilebi. 
     wyalxsnarSi marilebi hidrolizdeba, amasTan saSualo marilebis 
wyalxsnarebs Zlieri tute reaqcia aqvT. mJave marilebis SemTxvevaSi 
hidrolizTan erTad midis mJavuri naSTis protolizi. amitom tute 
metalebis hidrofosfatebis xsnars susti tute reaqcia aqvs, xolo 
dihidrofosfatebis xsnars susti mJava. 

H3PO4 + NaOH → NaH2PO4 + H2O 
    H3PO4 + 2NaOH → Na2HPO4 + 2H2O 

H3PO4 + 3NaOH → Na3PO4 + 3H2O 
     laboratoriaSi fosformJavas Rebuloben wiTeli fosforis ganz. 
azotmJaviT daJangviT: 

3P + 5HNO3 + 2H2O → 3H3PO4 + 5NO 
     qarxnebSi ki bunebrivi fosfatebis konc. gogirdmJaviT damuSavebiT: 

Ca3(PO4)2 + 3H2SO4 → 3CaSO4 + 2H3PO4 
     bunebrivi fosfatebis H2SO4-iT damuSavebiT SeiZleba martivi super-
fosfatis miRebac: 

Ca3(PO4)2 + 2H2SO4 → Ca(H2PO4)2 + 2CaSO4 
                  martivi superfosfati 

Ca3(PO4)2 + 4H3PO4 → 3Ca(H2PO4)2 
                     ormagi superfosfati 

H3PO4 + Ca(OH)2 → CaHPO4 + 2H2O 
            precifitati 

      

Zalian mniSvnelovani fosforovani sasuqia diamofosi (NH4)2HPO4, 
amofosi narevia NH4H2PO4 da (NH4)2HPO4-is. nitrofosic narevia NH4NO3 da 
(NH4)2HPO4-is. 
     metafosfatebs, iseve, rogorc TviTon mJavas aqvs polimeruli 
aRnagoba. metafosfatebidan wyalSi mxolod tute metalebis marilebi 
ixsneba. pirofosfatebi SeiZleba iyos normaluri Me4P2O7  da mJava 
Me2H2P2O7. 
    orTo-, meta- da pirofosformJavebis anhidridi P2O5-ia (P4O10). 
       H3PO4 gacxelebiT gardaiqmneba pirofosformJavad: 

2H3PO4 → H4P2O7 + H2O 
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       P4O10, rogorc mJava oqsidi, moqmedebs tuteebTan da fuZe oqsidebTan 
fosfatebis warmoqmniT: 

P4O10 + 6Ca(OH)2 → 2Ca3(PO4)2 + 6H2O 
P4O10 + 6CaO → 2Ca3(PO4)2  

      P4O10 advilad urTierTqmedebs fosforis pentaqloridTan fosforis 
oqsiqloridis warmoqmniT: 

P4O10 + 6PCl5 → 10POCl3 
 
 
 

4.2. dariSxanis qvejgufi 
 
 

dariSxani (As), stibiumi (surma, anTimoni) (Sb) da bismuti (Bi) sruli 
eleqtronuli analogebi arian ns2np3. atomis radiusis zrdis mimarTu-
lebiT arametaluri Tvisebebi sustdeba. maTi damaxasiaTebeli JangviTi 
ricxvebia _3, +3 da +5. mxolod bismutisaTvis Yyvelaze damaxasiaTebelia 
naerTebi +3 JangviTi ricxviT.  

isini bunebaSi ZiriTadad sulfiduri madnebis saxiT aris 
gavrcelebuli. 

As2S3 auripigmenti (es saxelwodeba miiRo Seferilobis gamo, oqros-
feria). 

As4S4 realgari, Sb2S3; Bi2S3 agreTve FeAsS dariSxanis kolCedani anu 
arsenopiriti. 

dariSxans fosforis msgavsad ramodenime alotropiuli modifikacia 
axasiaTebs. misi orTqlis swrafi gacivebisas (orTqli As4-is 
molekulebisagan Sedgeba) miiReba arametaluri modifikacia _ yviTeli 
dariSxani, romelic TeTri fosforis izomorfulia, mis msgavsad ixsneba 
gogirdnaxSirbadSi. is TeTr fosforze ufro aramdgradia, sinaTlis 
moqmedebiT an susti SeTbobisas advilad gadadis metalur modifika-
ciaSi e.w. rux dariSxanSi. stibiumis arametaluri modifikacia kidev 
ufro aramdgradia, vidre yviTeli dariSxani, xolo bismuts aramdgradi 
modifikacia ar gaaCnia. 

ruxi dariSxani, ruxi stibiumi da bismuti garegnulad metalebs 
gvanan, axasiaTebT eleqtrogamtarobac, magram metalebisgan gansxvavebiT 
isini myifea. izomorfulebia da fenovani struqturebi axasiaTebT (Savi 
fosforis msgavsi) maTi TiToeuli atomi piramidalurad dakavSirebulia 
fenaSi sam mezobel atomTan da mezobeli fenis sam uaxloes atomTan. 
rigSi As - Sb - Bi birTvebs Soris manZilebis gansxvaveba fenaSi da fenebs 
Soris mcirdeba e.i. TandaTan xdeba metalur struqturasTan miaxloeba. 

Cveulebriv pirobebSi metaluri modifikaciebi mdgradia haerisa da 
wylis mimarT. Zabvis mwkrivSi isini wyalbadis Semdeg arian moTavsebuli. 

 dariSxani konc. HNO3-is moqmedebiT gadadis mJavaSi, aseve stibiumic 
(rogorc arametalebi): 

3As + 5HNO3 + 2H2O  →  3H3AsO4 + 5NO 
3Sb + 5HNO3 → 3HSbO3  + 5NO + H2O 

xolo bismuti azotmJavasTan moqmedebs rogorc metali, igi konc. 
azotmJaviT pasiurdeba, ganzavebulTan ki, rogorc metali, tipur 
nitrats warmoqmnis: 

Bi + 4HNO3  → Bi(NO3)3 + NO + 2H2O 
am qvejgufis elementebis miReba xdeba sulfiduri madnebis gamowviT 

miRebuli oqsidebis naxSirbadiT aRdgeniT: 
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2As2S3 + 9O2   →  6SO2 + 2As2O3 
As2O3 + 3C  →  2As + 3CO 

 

naerTebi _3 JangviTi ricxviT: wyalbadnaerTebi AsH3 arsini, SbH3 

stibini, BiH3 bismutini _ Cveulebriv pirobebSi airebia, damaxasiaTebeli 
mkveTri suniT. yvela maTgani endoTermuli naerTebia. gacxelebisas 
advilad iSlebian QWurWlis kedlebze dariSxanis, stibiumis da bismutis 
sarkis warmoqmniT. AsH3, SbH3, BiH3 am mimarTulebiT maTi mdgragoba 
mcirdeba, BiH3 Zalian aramdgradia. yvela maTgani Zlieri aRmdgenia. 

arsinisa da stibinis molekulebis dipoluri momentebi axloa 
nolTan. es imaze miuTiTebs, rom E–H bmebi am molekulebSi TiTqmis 
arapolarulia. NH3, PH3, AsH3, SbH3, BiH3 am mimarTulebiT maT donoruli 
Tvisebebi mcirdeba. maSin roca [NH4]+ _ amoniumis ioni mdgradia, [PH4]+ 
SedarebiT aramdgradia, xolo [AsH4]+ ionis warmoqmna speqtroskopuli 
raodenobiT SeiniSneba.  

dariSxani, stibiumi da bismuti wyalbadTan uSualod reaqciaSi ar 
Sedian. wyalbadnaerTebi miiReba metalTan maTi naerTebis (arsenidebi, 
stibidebi da bismutidebi) mJaviT damuSavebiT: 

Mg3E2 + 6HCl  →  3MgCl2 + 2EH3↑ 
agreTve maTi naerTebis SemJavebul wyalxsnarebze TuTiis 

moqmedebiT: 
As2O3 + 6Zn + 12HCl → 2AsH3 + 6ZnCl2 + 3H2O 

arsini (ufro naklebad stibini da bismutini) Zalian toqsikuria, 
(ramdenadac TuTia yovelTvis Seicavs dariSxanis minarevs mcire 
raodenobiT, amitom TuTiaze mJavis moqmedebiT miRebuli wyalbadis 
SesunTqva ar SeiZleba). isini haerze mkrTali molurjo aliT iwvian: 

2AsH3 + 3O2  →  As2O3 + 3H2O 
2SbH3 + 3O2  →  Sb2O3 + 3H2O 

es naerTebi Zlieri aRmdgenebia: 
AsH3 + 6AgNO3 + 3H2O   →  6Ag + 6HNO3 + H3AsO3 

naerTebs (-3) JangviTi ricxviT miekuTvneba agreTve metalebTan maTi 
naerTebic: arsenidebi, stibidebi da bismutidebi. eseni arian ZiriTadad 
dariSxanis, stibiumisa da bismutis naerTebi I da II jgufis S 
elementebTan: K2E, Ca3E2, Mg3E2... es naerTebi advilad Sedian reaqciaSi 
mJaveebTn wyalbadnaerTebis warmoqmniT. 

naerTebi (+3) JangviTi ricxviT. maT miekuTvneba halogenidebi, 
sulfidebi, oqsidebi da hidroqsidebi. 

AsCl3     As2O3       As(OH)3      As2S3 
                                   [AsCl4]¯    AsO2¯     As(OH) 4¯    AsS2¯  
rigSi As(III) - Sb(III) - Bi(III) mJavuri Tvisebebi mcirdeba da fuZe 

Tvisebebi Zlierdeba. 
As(III), Sb(III), Bi(III) oqsidebi miiRebian pirdapiri gziT. Sb2O3 agreTve 

miiReba stibiumis ganz. HNO3-iT daJangvisas: 
2Sb + 2 HNO3  →  Sb2O3 + 2NO + H2O 

 

xolo Bi2O3 _ bismutis nitratis daSliT: 
4Bi(NO3)3   → 2Bi2O3  +  12NO2  +  3O2 

As2O3 − TeTri dariSxani ZiriTadad mJava bunebis oqsidia. is ixsneba 
wyalSi mJavis da tuteSi marilebis warmoqmniT, amave dros, P2O5-gan 
gansxvavebiT moqmedebs halogenwyalbadmJavebTanac: 

As2O3   +  3H2O  →  2H 3AsO3 
As2O3  +  8HCI   →  2HAsCI4  +   3H2O                                                 
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 Sb2O3 wyalSi praqtikulad ar ixsneba, magram moqmedebs tutesTan da 
marilmJavasTan. Sb2O3  amfoteruli oqsidia: 

E2O3 + 2KOH + 3H2O → 2K[E(OH)4]¯ 
sadac,  E  =  As,  Sb. 
Bi2O3 mJaveebTan moqmedebs Bi(III)-is marilebis warmoqmniT. wyalTan da 

tuteebTan praqtikulad ar moqmedebs.  
analogiurad icvleba hidroqsidebis Tvisebebic. H3PO3 mJavaa, As(OH)3 

da Sb(OH)3 amfoterulia. As(OH)3-Si Warbobs mJava Tvisebebi, Sb(OH)3-Si ki _ 
fuZe Tvisebebi. amasTan maTi disociacia, rogorc fuZe, ise mJavuri 
tipiT, wyalxsnarebSi sustad mimdinareobs. 

H3AsO3 wyalxsnarebidan gamoyofili ar aris. Sesabamisi wyalxsnari 
susti mJavaa (dariSxanovani mJava, marilebi arsenitebi). 

Sb(OH)3 da Bi(OH)3BwyalSi praqtikulad ar ixsneba. miiReba TeTri 
naleqis saxiT − E2O3

.nH2O samvalentiani marilebze tutis moqmedebiT: 
Bi(NO3)3   +  3KOH  →     Bi(OH)3  +  3KNO3 

an anionur nawarmebze mJavis moqmedebiT: 
Na[Sb(OH)4]  + HCI  → NaCI  +  Sb(OH)3  +H2O 

xolo tutesTan SelRobisas E2O3 da E(OH)3 warmoqmnis polimerul 
metaarsenits(III). metastibits(III) da metabismutits(III) SedgenilobiT 
Me+1EO2.. amasTan oqsobismutitebi(III) aramdgradia: 

t 
NaOH   +   As(OH)3    →      2NaAsO2  + 2H2O 

t 
    2NaOH  +  As2O3  →    2NaAsO2   +H2O 

 

NaOH  +  Sb(OH)3  →   NaSbO2   + 2H2O 
   2NaOH  +Sb2O3  →    2NaSbO2   +H2O 

As+3, Sb+3, Bi+3 warmoqmnian sulfidebs. moyviTalo As2S3, narinjisferi 
Sb2S3 da Savi Bi2S3 wyalSi uxsnadi myari nivTierebebia. sulfidebi miiReba 
uSualo urTierTqmedebiT an E(III)-is naerTebze H2S-is moqmedebiT mJava 
areSi: 

2Na[As(OH)4]  +  3H2S  +2HCI →   2NaCI  +As2S3   +8H2O 
2Bi(NO3)3    +3H2S  →    Bi2S3   +6HNO3 

As2S3 da  Sb2S3 ZiriTadad mJavuri naerTebia. isini wyalSi advilad 
ixsnebian fuZe sulfidebis Tanaobisas sulfidoarsenitebis(III) da 
sulfidostibitebis(III) warmoqmniT (MЭS2, M3ЭS3): 

E2S3  + (NH4)2S  →   2NH4ЭS2 
As2S3   + (NH4)2S →     2NH4AsS2 

Sb2S3  +  + (NH4)2S →     2NH4SbS2 
Bi2S3 aRniSnul sulfidebSi ar ixsneba. fuZe sulfidebTan is mxolod 

SelRobiT moqmedebs. 
E2S3 tipis naerTebi advilad gadadian Э2O3 da ЭF3 tipis naerTebSi 

Sesabamisad Jangbadis da ftoris moqmedebiT: 
2Sb2S3  +  9O2  →  2Sb2O3  + 6SO2 

  As2S3-gan gansxvavebiT, Sb(III) da Bi(III)-is sulfidebi Sb2S3 da Bi2S3 
ixsnebian konc. marilmJavaSi: 

Sb2S3  +  8HCI  →  2HSbCI4  + 3H2S 
sulfidoarsenitebi(III) da sulfidostibitebi(III) myar mdgomareobaSi 

savsebiT mdgradia, magram Sesabamisi TiomJavebi aramdgradia da 
gamoyofisTanave iSlebian: 

NH4AsS2 + HCI  →  HAsS2  + NH4CI 
2HAsS2   →   As2S3  +  H2S 
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EHaI3 miiReba martivi nivTierebebis uSualo urTierTqmedebiT halo-
genebis ukmarisobis pirobebSi (EHaI5-is warmoqmnis Tavidan asacileblad). 
EF3 - ECI3 - EBr3 - EI3 birTvTaSorisi manZili izrdeba, amitom bmis energia 
mcirdeba. isini myari kristaluri naerTebia. 

E2S3 da E2O3-is msgavsad halogenidebic mJavuri naerTebia. Sb(III) da 
Bi(III) halogennarTebi marilis Tvisebebis matarebelia. isini ganicdian 
hidrolizs, amasTan PHaI3-gan gansxvavebiT maTi hidrolizis reaqcia 
Seqcevadia: 

AsCI3   + 4H2O      H[As(OH)4]   +  3HCI 
Sb-is da Bi-is halogenidebis(III)-is hidrolizi mimdinareobs oqso-

halogenidebis warmoqmniT: 
SbCI3  + H2O    SbOCI  + 2HCIH 

 EHaI3 naerTebis mJava buneba maTi fuZe halogenidebTan reaqciaSi 
vlindeba: Me+1

3[EHaI6],    Me+1
2[EHaI5],    Me+1[EHaI4]. 

rigSi As, Sb, Bi arametaluri Tvisebebis Semcirebas da metaluri 
Tvisebebis zrdas +3 JangviTi ricxviT maTi marilebis mdgradobis zrdac 
adasturebs. Tu dariSxanisTvis aseTi marilebi aramdgradia da 
Tavisufal mdgomareobaSi gamoyofilic ar aris, stibiumisaTvis cnobi-
lia da gamoyofilia sulfati Sb2(SO4)3, nitrati Sb(NO3)3 da sxva. gansakuT-
rebiT mdgradia kompleqsuri stibatebi I jgufis s-elementebTan 
M+1[Sb(SO4)2]. Bi(III)-is marilebi ki Zalian mravalferovani da mdgradia. 
arametaluri Tvisebebis Semcirebaze miuTiTebs agreTve am elemente-
bis(III) oqsidebis da sulfidebis aRmdgeni unari, romelic rigSi As, Sb, Bi 
mkveTrad ecema.  

As+3 oqsidi da sulfidi advilad iJangeba: 
As2S3 + 2(NH4)2S2 → As2S5 + 2 (NH4)2S 

3As2O3 + 4HNO3 + 7 H2O → 6H3AsO4 + 4NO 
Sb(III)  naerTebis aRmdgeni unari gacilebiT sustia, Tumca Sb2S3 -ic 

iJangeba amoniumis persulfidiT, xolo Bi(III)  naerTebis daJangva Zalian 
Zlieri mJangavebiT xerxdeba: 

BiCl3 + Cl2 + 6KOH  → KBiO3 + 5KCl + 3H2O 
 

naerTebi ZiriTadi elementis +5 JangviTi ricxviT. rigSi  As(V), Sb(V),  
Bi(V) naerTebis mdgradoba mcirdeba. bromisa da selenis qvejgufebis 
ganxilvisas aRmoCnda, rom umaRlesi JangviTi ricxvebi am qvejgufebSi 
ufro damaxasiaTebelia V periodis p-elementebisaTvis e.i. I da Te-Tvis. 
xolo yvelaze naklebad _ VI periodis p-elementebisTvis, e.i. At da Po-
Tvis. aseTive kanonzomiereba, Tumca naklebad vlindeba dariSxanis 
qvejgufSic. +5  JangviTi ricxvi yvelaze metad axasiaTebs Sb-s, naklebad 
dariSxans, xolo Bi-Tvis aseTi naerTebi aramdgradia. Bi(V)-is 
naerTebidan miRebulia BiF5, As-is da Sb-sTvis cnobilia agreTve oqsidebi 
Э2O5, sulfidebi Э2S5  da stibiumisaTvis − SbCl5. 

dariSxanis (V) binaruli naerTebi mJavuri bunebisaa. maT SeesabamebaT 
anionuri kompleqsnaerTebi [EHal6]¯ , [EO4]3 -, [E(OH) 6]¯ 

E2O5 oqsidebi Cveulebriv pirobebSi mJavuri nivTierebebia. As2O5 

struqturiT hgavs P2O5-s, kargad ixsneba wyalSi: 
As2O5  +  3H2O  →  2H3AsO4 

Sb2O5 wyalSi mciredxsnadia, kargad ixsneba tuteSi:  
Sb2O5   +  2KOH   +  5H2O  →  2K[Sb(OH)6] 

As2O5-is da Sb2O5-is tutesTan da fuZe oqsidebTan urTierTqmedebiT 
miiReba Semdegi Sedgenilobis oqsoarsenatebi (V) da oqsostibatebi(V): 
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M+1SbO3,     M+3SbO4,   M+2
2Sb2O7 

wyalxsnarebidan gamoiyofa tetraoqsoarsenatebi M+
3AsO4 da heqsahid-

roqsostibatebi M[Sb(OH)6]. fosfatebis msgavsad isini wyalSi Znelad 
ixsnebian. 

Sesabamisi mJaveebidan Tavisufal mdgomareobaSi gamoyofilia H3AsO4, 
romelic dariSxanis an As2O3-is azotmJaviT daJangviT miiReba. dariSxan-
mJava fosformJavaze ufro sustia, Sb-Tvis analogiuri Sedgenilobis 
mJavas miReba ar moxerxda, _ warmoiqmneba ganusazRvreli Sedgenilobis 
Sb2O5·nH2O naerTi. bismuti(V)-is mJava miRebuli ar aris. 

sulfidebi dariSxanis atomis +5 JangviTi ricxviT _ As2S5 (yviTeli) 
da narinjisferi Sb2S5  _ wyalTan ar moqmedeben, isini mJava bunebis 
naerTebia, ixsnebian fuZe sulfidebSi Sesabamisi sulfomarilebis 
warmoqmniT: 

E2S5  + 3Na2S → 2Na3ЭS4 
E2S5 miiReba martivi nivTierebebis urTierTqmedebiT da E+5-is 

naerTebze H2S-is moqmedebiT: 
2Na3AsO4  +  5H2S  +  6HCl  →  As2S5  +  6NaCl  +  8H2O 

maTi Sesabamisi mJavebi gamoyofisTanave iSleba. 
V jgufis elementebis (+5 JangviTi ricxviT) halogenidebidan miRebu-

lia pentahalogenidebi:  AsF5 (airadi). SbF5 da SbCl5 (Txevadi), BiF5 (myari). 
isini tipuri mJavuri bunebis naerTebia. wyalTan moqmedebisas iZlevian 
mJaveebs, fuZe halogenidebTan ki marilebs:  

KF  + EF5   →  K[EF6] 
bismut(V)-is naerTebi Zlieri mJangavebia _ Mn+2–s Jangaven Mn+7-mde: 

2Mn+2  +  5BiO¯3  +  14H+  =  5Bi+3  +  2MnO¯4  +  7 H2O 
stibium(V)-is naerTebi naklebi xarisxiT amJRavneben mJangav unars, 

Tumca Sb2O5-s SeuZlia konc. HCl-is daJangva: 
Sb2O5  + 1OHCl    → 2 SbCl3 +  2Cl2  +  5H2O 

dariSxani, stibiumi da bismuti TavianTi struqturiT tipuri 
metalebisagan arsebiTad gansxvavdebian, amitom isini metalebTan 
warmoqmnian ara myar xsnarebs, aramed eftektikur narevebs. isini 
ZiriTadad evteqtidur narevebs warmoqmnian. mag., 60% bismuti da 40% 
kadmiumis narevi lRveba 1440C-ze. farTod cnobili vudis Senadnobi 
romlis lRobis temperatura 65-700C (wylis duRilis temperaturaze 
ufro dabali) Seicavs 50% bismuts, 25% tyvias, 12.5% kala da 12.5% 
kadmiumi. dariSxani da bismuti ZiriTadad tyviaze dasamateblad gamo-
iyenebian da mas simagres aniWeben.   

gansakuTrebiT mniSvnelovania Senadnobi 25% Sb, 60% Pb da 15% Sn 
romelic gamoiyeneba poligrafiuli Sriftebis dasamzadeblad. 

dariSxanis naerTebi gamoiyeneba soflis meurneobaSi, optikaSi, 
farmakopeaSi, eleqtronikaSi, medicinaSi da sxv. As, Sb da Bi ZiriTadad 
gamoiyeneba sxvadasxva Senadnobebis dasamzadeblad.  
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14
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mexuTe Tavi 
 

perioduli sistemis  IV jgufis p-elementebi 
 

naxSirbadi 
 
 

naxSirbadi gansakuTrebuli elementia. is miekuTvneba elementTa 
perioduli sistemis IVA jgufs. misi atomis zoma da eleqtronuli 
aRnagoba ganapirobebs sxvadasxva Sedgenilobis, aRnagobis da Tvisebebis 
mravalferovani naerTis warmoqmnis unars, romlebic bunebaSi, yofa-
cxovrebasa da teqnikaSi umniSvnelovanes rols asruleben. naxSirbadi 
perioduli sistemis IV jgufis tipuri elementia. naxSirbads gaaCnia ori 
stabiluri bunebrivi izotopi: 12C (99%, birTvis tipi 4n) da 13C (1%, 
birTvis tipi 4n+1). radioaqtiur izotopebs Soris praqtikulad 
mniSvnelovania 14C. misi naxevraddaSlis periodia 5720 weli. bunebaSi is 
mudmivad warmoiqmneba haeris azotze kosmosuri sxivebis neitronebis 
moqmedebiT: 

 
                                            (n, D)  
  
warmoqmnisTanave izotopi 14C Seereva naxSirbadis stabilur 

izotopebs, romlebic Sedis atmosferos CO2-is SemadgenlobaSi. es 
ukanaskneli, rogorc cnobilia, monawileobs fotosinTezis reaqciebSi, 
ris Sedegadac organuli nivTierebebi miiReba. organuli naerTebis 
warmoqmnis Semdeg ki 14C izotopis wili masSi TandaTan klebulobs 
radioaqtiuri daSlis gamo. aRsaniSnavia, rom dasinTezebul organul (an 
araorganul) naerTebSi 14C-is Semdgomi moxvedra atmosferul CO2-Tan 
mimocvlis reaqciis saSualebiT aRar xdeba. amitom naxSirbadis stabi-
luri izotopis da ama Tu im organul naerTSi (wiaRiseul naxSirSi, 
uZvelesi qalaqebis xis nakeTobebSi da a.S.) 14C izotopis masuri wilis 
fardoba saSualebas  iZleva, SevafasoT, Tu ra zomiT (raodenobiT) moxda 
14C-is radiodaSla da Sesabamisad, ramdeni saukunis win moxda foto-
sinTezi. organuli nivTierebis asakis gansazRvris am meTods radio-
naxSirbaduli meTodi ewodeba. dReisaTvis igi Seucvlelia da farTod 
gamoiyeneba arqeologiaSi, geologiaSi da sxva dargebSi.  

 

bunebaSi gavrceleba: naxSirbadi bunebaSi sxvadasxva saxiT arsebobs. 
is warmoadgens mcenareTa da cxovelTa qsovilebis mniSvnelovan Semad-
genel nawils. naxSirbadi organul naerTebis sabazo elementia. wlebis 
ganmavlobaSi, cocxali organizmebis daSlis produqtebi warmoqmnis 
qvanaxSirs, navTobs, torfs, bunebriv airebs, romlebic umTavresad 
naxSirbads Seicavs. 

naxSirbadi mineralebSi gvxvdeba karbonatebis saxiT. karbonatebidan 
yvelaze metad gavrcelebulia CaCO3 (marmarilo, kirqva, carci), magneziti 
(MgCO3), dolomiti (CaCO3•MgCO3), malaqiti [(Cu2OH)2CO3]. cnobilia agreTve 
mZime metalebis karbonatebi: sideriti (FeCO3),  MnCO3, ZnCO3 da sxv. 

atmosferos haerSi naxSirbadi gvxvdeba naxSirbadis dioqsidis saxiT 
(0.03 moc. %). haeris CO2-isa da wylisagan fotosinTezis Sedegad xdeba 
mcenareTa foTlebSi glukozis warmoqmna: 

6CO2 + 6H2O → C6H12O6 + 6O2 
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n = 1

s

n = 2 p

naxSirbads araaRgznebul mdgomareobaSi gaaCnia Semdegi eleqtro-
nuli konfiguracia: 

 

                 6C              1s22s22p2  

                                        [He] 2s22p2 
 

 
 

     naxSirbadis aRgznebul atomSi oTxi (erTi 2s- da sami 2p-orbitalze) 
gauwyvilebeli eleqtronia:  

 

                 C                                                          C*    
                              2s      2p                                      2s     2p       
     erTi s da sami p orbitalis hibridizaciiT miRebuli asimetriuli orbi-

talebi mimarTulia tetraedris wveroebisaken. kuTxe maT Soris 109°28′-ia, rac 
orbitalebis maqsimalur dacilebas da sistemis minimalur energias 
(minimaluri urTierTganzidvis gamo) Seesabameba. hibridizaciis am saxes sp3-
hibridizacia (tetragonaluri) ewodeba. naxSirbadis atoms axasiaTebs agreTve 
sp2- (trigonaluri) da sp-hibridizacia (diagonaluri). 

 
                                           s + p + p + p                               oTxi  sp3- 

 
naxazi 18. sp3 hibridizaciis sqema 

       Tu gaviTvaliswinebT, rom bma ao-ebis maqsimaluri gadafarvis mimarTu-
lebiT warmoiqmneba, advili gasagebia meTanis molekulis tetraedruli forma. 

 

naxazi 19. meTanis molekulis tetraedruli struqturis modeli 

σ-bmebis mixedviT, naxSirbadis koordinaciuli ricxvi SeiZleba iyos 
oTxi (sp3-hibridizacia), sami (sp2-hibridizacia) da ori (sp-hibridizacia). 
naxSirbadi, ZiriTadad, amJRavnebs oTxis tol valentobas. savalento 
eleqtronebis ricxvi emTxveva valenturi orbitalebis ricxvs, romelic  
perioduli sistemis mxolod ori elementisTvis (wyalbadi da naxSir-
badi) aris damaxasiaTebeli, rac Tavis mxriv, C-C bmis gansakuTrebuli 
mdgradobis ZiriTadi mizezia. periodSi naxSirbadidan azotisaken 
SeimCneva bmis energiis Semcireba (cxr. 9). 
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cxrili 9.  
 

 
C C

 
N N
. . . .

 
O O
. . . .
. . . .  

F F
..

......
..

..

 

 

H3C -CH3  
H2N - NH2  HO - OH  F - F

 
bmis 

energiebi 

E, kj/moli
 

374 250 210 159 

 

alotropia. fizikuri Tvisebebi: cnobilia naxSirbadis Semdegi 
alotropiuli saxecvlilebi: almasi, grafiti, karbini da specifikuri 
struqturis hakmini anu fulereni. almasisa da grafitisgan ganxvavebiT, 
karbini Tavdapirvelad sinTezuri gziT iqna miRebuli, magram 
mogvianebiT is bunebaSic iqna aRmoCenili. bunebaSi arsebuli muri, koqsi, 
xis naxSiri igive grafitia wvrilkristalur mdgomareobaSi. 

almasi – myari, ufero, kuburi struqturis mqone kristalebia. 
naxSirbadis atomebs Soris arapolaruli kovalenturi bmebia. oTxi 
tolfasi mtkice bmis warmoqmnaSi monawileobs tetraedris wveroebisken 
orientirebuli  sp3-hibriduli orbitalebi. 

didi simagris gamo almasma farTo gamoyeneba moipova teqnikaSi 
(liTonis saWrelad). mosa-s skaliT misi simagre 10-is tolia. almasis 
saTanado damuSavebiT amzadeben briliants (briliantis kristali 
xasiaTdeba waxnagebis didi ricxviT). almasis mtkice struqturaze 
miuTiTebs entropiis dabali mniSvneloba (2.4 j/moli). 

xelovnur almass Rebuloben grafitis gaxurebiT 30000C temperatu-
risa da 105 atm. wnevis pirobebSi (rodiumis katalizatoris Tanaobisas). 
grafitidan almasis sinTezi agreTve ganxorcielebulia lazeruli 
dasxivebis pirobebSi. 

grafitisagan gansxvavebiT, almasi ar atarebs eleqtrul dens. is ar 
moqmedebs mJavebTan da tuteebTan.  

uhaerod gacxelebisas almasi gardaiqmneba grafitad. grafiti muqi 
nacrisferi, fenovani kristaluri nivTierebaa. grafitSi naxSirbadis 
atomebi ganlagebulia wesieri eqvskuTxedis wveroebSi, romlebic qmnian 
Sreebs. TiToeuli atomi imyofeba sp2-hibridul mdgomareobaSi da 
dakavSirebulia erT sibrtyeSi naxSirbadis sam sxva atomTan (bmebs 
Soris kuTxe 1200-ia da bmis sigrZe 0.142 nm). arahibriduli p-eleqtronebi 
delokalizebulia mTel kristalze, rac grafitis eleqtrogamtarobas 
ganapirobebs. Sreebs Soris C–C bmebis simtkice gacilebiT naklebia, ris 
gamoc grafiti advilad iSleba Sreebad. grafiti xasiaTdeba liTonuri 
bzinvarebiT. is ZneladRobadia, gamoiyeneba eleqtrodebis, Tbogadamcemi 
milebis dasamzadeblad da sxv. 

 
                                       (a)                                       (b) 

naxazi 20. almasis (a) da grafitis (b) struqtura 
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karbini: Savi feris myari wvrilkristaluri fxvnilia. axasiaTebs 
naxevargamtaris Tvisebebi. uhaerod gacxelebiT gadadis grafitSi. 
naxSirbadis atomebi sp-hibriduli orbitalebiT erTiandebian Semdegi 
jaWvis warmoqmniT: 

– C ≡ C – C≡ C – C ≡             (– C ≡ C – )n      (poliacetileni) 
 

= C= C= C= C =                   (= C= C = )n      (polikumuleni) 
 

karbini grafitze magaria. 

muri warmoiqmneba naxSirbadis Semcveli naerTebis uhaerod Termuli 
daSliT an arasruli wviT. muri gamoiyeneba samxatvro da sastambo saRe-
brebis dasamzadeblad, agreTve rezinis warmoebaSi Semavseblad. 

xis naxSirs Rebuloben merqnis uhaerod gaxurebiT. misi 
gadaxurebuli wylis orTqliT damuSavebiT miiReba gaaqtivebuli 
naxSiri. xis naxSiris umniSvnelovanesi Tvisebaa adsorbcia. misTvis 
damaxasiaTebeli forovani zedapiriT STanTqavs airs an gaxsnil 
nivTierebas. gaaqtivebuli naxSiris miRebis meTodi daamuSava rusma 
mecnierma zelinskim, romelmac igi gamoiyena airwinaRSi, riTac pirvel 
msoflio omSi mravali adamianis sicicxle ixsna mowamvlisagan. 
cxovelebis Zvlebis gamowviT miRebuli naxSiri (cxoveluri naxSiri) 
gamoiyeneba Saqris sirofis rafinirebisaTvis.  

bolo periodSi didi yuradReba miipyro naxSirbadis specifikurma 
molekulurma formam – fulerenebma. fulereni C60, C70, C240 naxSirbad-
atomis Semcveli sferuli molekulaa. masSi naxSirbadis yvela atoms 
erTnairi simetriuli ganlageba aqvs. fulerenebs saxeli amerikeli 
arqiteqtoris – riCard hakmin fuleris pativsacemad daerqva, romelic 
ramdenime sferuli formis Senobis avtoria. 

qimiuri Tvisebebi. IVA jgufis elementebidan naxSirbadatomi gamo-
irCeva mcire atomuri radiusiT (0.077nm), ionizaciis didi energiiT (1086 
kj/moli) da SedarebiT maRali eleqtrouaryofiTobiT (2.5 – polingis 
skalis mixedviT). misTvis energetikulad xelsayrelia atomebs Soris σ- 
da π-tipis kovalenturi bmebis warmoqmna. 

 naxSirbadi Cveulebriv temperaturaze inertulia, Tavisufali 
naxSirbadis saxeobebs Soris yvelaze ufro reaqciisunariania amorfuli 
naxSiri, Tumca Cveulebrivi temperaturis pirobebSi isic inertulia. misi 
aqtivoba gacxelebiT izrdeba: advilad uerTdeba Jangbads da warmoqmnis 
naxSirbad(II) da naxSirbad(IV) oqsidebs. cnobilia agreTve samnaxSirbadis 
dioqsidi: C3O2, (miiReba arapirdapiri gziT). 

1. gaxurebuli naxSiri iwvis haersa da JangbadSi CO2-is warmoqmniT: 

C + O2 → CO2                              5000C-is zeviT 

Jangbadis naklebobisas miiReba CO: 

2C + O2 → 2CO                                9000C-is zeviT 

naxSiri advilad uerTdeba aramarto Tavisufal, aramed naerTebSi 
myof Jangbadsac. amitom naxSiri karg aRmdgenels warmoadgens: 

                           C + FeO → Fe + CO   (analogiurad miiReba Mn, Cu, Zn, Pb) 

maRal temperaturaze igi mTel rig araliTonebsac aRadgens maTi 
oqsidebidan: 
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SO2 + 2C → S + 2CO 

P2O5 + 5C → 2P + 5CO 
qviSisa da koqsis narevis maRal temperaturaze gacxelebiT miiReba 

siliciumi: 

2C + SiO2 → 2CO + Si  
                                koqsi     

2. katalizatorebis Tanaobisas (Ni, Fe, Pt da sxv.) naxSirbadi 
wyalbadTan warmoqmnis mravalricxovan, haerze mdgrad naerTebs – 
naxSirwyalbadebs:                     

nC+ (n+1)H2
               

C nH2n+2  

3. gavarvarebuli naxSiri reaqciaSi Sedis gogirdTan gogird-
naxSirbadis warmoqmniT:  

C + 2S → CS2 

CS2 advilad aqroladi da aalebadi siTxea. igi bevri nivTierebis 
kargi gamxsnelia, mag., xsnis TeTr fosfors. gamoiyeneba organul 
sinTezSi. 

4. gavarvarebuli naxSiri reaqciaSi Sedis agreTve siliciumTan 
karborundis warmoqmniT: 

 
    Si + C → SiC 

5. halogenebidan uSualod mxolod ftorTan reagirebs: 

C + 2F2 → C F4 

6. urTierTqmedebs metalTa oqsidebTan (mag., CaO da Al2O3) Sesabamisi 
karbidebis warmoqmniT: 

CaO + 3C → CaC2 + CO 

2Al2O3 + 9C → Al4C3 + 6CO 
miRebuli karbidebi hidrolizdeba Sesabamisad acetilenis an 

meTanis warmoqmniT: 

CaC2 + 2H2O → Ca(OH)2 + H2C2↑ 

(acetilenis miRebis karbiduli xerxi) 

Al4C3 + 12H2O → 4Al(OH)3 + 3CH4↑ 

naxSirbad(II)-is oqsidi (CO): ufro usuno, wyalSi cudad xsnadi 
airia. CO-s CasunTqvisas sisxlis hemoglobinSi arsebul rkinis ionTan 
warmoqmnis mtkice naerTs, ris gamoc organizmSi izRudeba Jangbadis 
gadatana da adamiani iRupeba. am Tvisebis gamo CO-s mxuTav airsac 
uwodeben. 

naxSirbadis da Jangbadis ao-ebidan warmoqmnili CO-s molekuluri 
orbitalis eleqtronuli formula da energetikuli sqema Semdegnairad 
gamoisaxeba:  

 

C[1s22s22p2] + O[1s22s22p4] → CO[KK(σ2s)2(σ*2s)2(π2px)2(π2py)2(σ2pz)2]. 
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atomuri 
orbitalebi

molekuluri 
orbitalebi

C CO O

atomuri 
orbitalebi
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x π∗

y

σz

πx πy
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2s2s
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g
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naxazi 21. CO-s molekuluri orbitalebis  energetikuli sqema 
 

  CO-s molekulaSi bmis rigi 3-is tolia: 
 

b.r. = (8-2)/2 = 3 
 

    igive Sedegs miviRebT valenturi bmis meTodiTac, Tu gaviTvalis-
winebT donorul-aqceptoruli meqanizmiT mesame kovalenturi bmis 
warmoqmnas Jangbadis gauziarebeli eleqtronuli wyvilisa da 
naxSirbadis Tavisufali orbitalis urTierTqmedebis xarjze: 

 

 
 
 
 

   CO-s molekulaSi donors warmoadgens Jangbadis atomi, xolo 
aqceptors _ naxSirbadis atomi: 

C O 
CO-s molekula azotis molekulis izoeleqtronulia. amis gamo, 

msgavsi aRmoCnda maTi zogierTi Tvisebebi: lRobisa da duRilis tempera-
turebis, aseve entropiis (CO-Tvis 198 kj/moli; N2-Tvis 199 kj/moli) 
TiTqmis erTnairi mniSvneloba. orive airi wyalSi cudad xsnadia.  

CO-s molekula sakmaod mdgradia. amitom dabal temperaturaze ar 
xasiaTdeba maRali reaqciisunarianobiT. 

 

CO-s miReba: 
 1. naxSiris arasruli wvisas haeris an Jangbadis naklebobis 

pirobebSi: 
2C + O2 → 2CO 

2. naxSirbad(IV)-is oqsidis urTierTqmedebiT gavarvarebul 
naxSirTan: 

C + CO2  2CO 
10000C-ze reaqcia TiTqmis bolomde midis. 
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laboratoriaSi CO miiReba WianWvelmJavas konc. H2SO4–Tan, rogorc 
wyalwamrTmevTan, gacxelebiT:  

HCOOH
H2SO4 CO    +   H2O

 
 

an konc.  H2SO4-iT mJaunmJavas daSlisas: 
 

COOH
H2SO4 CO    + CO2   +  H2OHOOC

 

CO2-gan dacilebis mizniT miRebuli airebis narevs tutis xsnarSi 
atareben.  

CO sxva airebTan erTad Sedis zogierTi saxis airadi saTbobis 
SemadgenlobaSi. kerZod, generatoris airsa da wyalairSi. 

generatori Rumelia, romelSic am saTbobs Rebuloben. masSi 
CatvirTulia myari saTbobi, magaliTad, koqsis sqeli fenebi, xolo haers 
qvemodan awvdian. qveda fenaSi sawvavi iwvis CO2-is warmoqmniT: 

C + O2 → CO2 -∆H 
miRebuli CO2  Jonavs ra gaxurebuli koqsis zeda febebSi, CO-d 

gardaiqmneba: 
CO2 + C → 2CO 

warmoqmnili CO Seereva haeris azots da miiReba narevi, romelsac 
generatoris airi ewodeba.  

wyalairi miiReba gavarvarebuli qvanaxSiris sqel fenaSi wylis 
orTqlis gatarebiT. is aris CO-s da wyalbadis narevi: 

C + H2O → CO + H2 + ∆H 
reaqcia 12000C-ze mimdinareobs. 
wyalairi (CO da H2 –is narevi) wvis dros met siTbos iZleva, vidre 

generatoris airi (vinaidan am dros siTbo generatoris airis 
SemadgenlobaSi arsebuli azotis gaTbobaze ar ixarjeba).  

 

qimiuri Tvisebebi: qimiuri TvisebebiT CO gansxvavdeba CO2-sagan, is 
marilarwarmomqmneli oqsidia, magram 2000C-ze da 1.5 mpa wnevaze Sedis 
reaqciaSi natriumis tutesTan WianWvelmJava natriumis  warmoqmniT: 

CO + NaOH → HCOONa 
miuxedavad amisa, igi ar SeiZleba CaiTvalos WianWvelmJavas anhidri-

dad, radgan wyalTan urTierTqmedebiT ar warmoqmnis aRniSnul mJavas da 
sxva mJava oqsidebisagan gansxvavebiT tutesTan reaqciaSi mxolod 
gansakuTrebul pirobebSi Sedis.  

 
CO-s qimiuri Tvisebebi. CO maRal temperaturaze iwvis cisferi aliT 

didi raodenobiT siTbos gamoyofiT: 
                         2CO + O2 → 2CO2        ∆H0

298 = -572kj 
nikelis katalizatoris Tanaobisas, 3000C-ze da atmosferul wnevaze 

CO-s uerTdeba wyalbadi meTanis warmoqmniT: 
CO + 3H2 → CH4 + H2O 

4000C da 10 mpa wnevaze, katalizator qrom-TuTiis oqsidebis 
Tanaobisas miiReba meTilis spirti: 

CO + 2H2 → CH3OH 
am reaqciaSi CO gvevlineba rogorc mJangavi. 
naxSirbadis(II) oqsidi kargi aRmdgenia, is aRadgens bevr metals maTi 

oqsidebidan. ris gamoc farTod gamoiyeneba pirometalurgiaSi: 
CuO + CO → Cu + CO2 

Fe3O4 + 4CO → 3Fe + 4CO2 
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CO mzis sinaTleze an ultraiisferi sxivebiT dasxivebisas (naxSiris, 
rogorc katalizatoris Tanaobisas) uerTdeba qlors da warmoqmnis 
momwamlav airs, fosgens: 

CO + Cl2 → COCl2 
fosgeni qimiuri iaraRis saxiT gamoyenebul iqna pirvel msoflio 

omSi. amJamad gamoiyeneba polikarbonatis, saRebavebisa da mTeli rigi 
sxva naerTebis misaRebad. 

CO uerTdeba d –gardamaval metalebs karboniluri kompleqsebis warm-
oqmniT, rac misi molekulis donoruli TvisebiT aris ganpirobebuli.  

Ni + 4CO → [Ni(CO)4] 
Fe + 5CO → [Fe(CO)5] 

donoruli Tvisebis garda CO amJRavnebs aqceptorul bunebasac. 
vakantur orbitalebze SeuZlia ganaTavsos metalis d-qvedoneze arse-

buli savalento eleqtronebi (π-datiuri bma). gamomdinare aqedan, CO, 
rogorc σ-donoruli da π-aqceptoruli ligandi, gardamaval metalebTan 
warmoqmnis kompleqsebs.  

 

naxSirbad(IV) oqsidi (naxSirbadis dioqsidi) ufero, usuno airia, 
haerze 1,5-jer mZimea, amitom misi `gadasxma~ SeiZleba WurWlidan Wur-
WelSi. naxSirbadis dioqsidi bunebaSi warmoiqmneba cxovelebisa da 
mcenareebis sunTqvisa da niadagSi organuli naSTebis xrwnis dros. 

oTaxis temperaturaze da 60 atm. wnevaze CO2 Txevaddeba. gaTxeva-
debul CO2-s inaxaven foladis balonebSi da iyeneben cecxlmaqrebSi. 
myari naxSirbadis dioqsidi cnobilia `mSrali yinulis~ saxelwodebiT, 
romelsac iyeneben gamaciveblad. mSral yinuls molekuluri struqtura 
aqvs. misi aorTqleba xdeba Txevad mdgomareobaSi gadasvlis gareSe. 

naxSirbadis dioqsids gaaCnia xazovani aRnagoba, rac miuTiTebs 
naxSirbadis atomis sp-hibridul mdgomareobaze.  

O=C=O molekulaSi ormagi bmebis arseboba ganapirobebs Termo-
dinamikur mdgradobas. TiToeuli bma, naxSirbadsa da Jangbads Soris, 
polarulia, magram misi molekula mTlianobaSi arapolarulia; bmebis 
simetriuli ganlagebis gamo jamuri dipoluri momenti nulis tolia. 

 

miReba:  
1. haerSi an JangbadSi naxSirbadis sruli wviT: 

C + O2 → CO2 
2. zogierTi karbonatis (mag., kalciumis an magniumis) Termuli 

daSliT: 
CaCO3 → CaO + CO2↑ 

3. hidrokarbonatebis daSliT: 
2NaHCO3 → Na2CO3 + CO2 + H2O 

4. karbonatebze ganz. mJavebis moqmedebiT: 
CaCO3 + 2HCl → CaCl2 + CO2↑ + H2O 

CO2 didi raodenobiT gaxsnilia zRvebisa da mdinareebis wyalSi, mas 
Seicavs saqarTvelos mTeli rigi mineraluri wylebi. CO2 didi raode-
nobiT gamoiyofa vulkanuri amofrqvevis dros. 

 

qimiuri Tvisebebi: CO2-is molekula sakmaod mdgradia, mis areSi wva 
ar xdeba, magram cecxlmokidebuli magniumi CO2-Si wvas agrZelebs masSi 
Semavali Jangbadis xarjze: 

CO2 + 2Mg → 2MgO + C + ∆H 
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CO2 mJangav Tvisebas avlens agreTve maRal temperaturaze naxSirTan 
urTierTqmedebisas:  

CO2 + C    2CO + ∆H 
CO2 mJava oqsidia. is advilad uerTdeba tute da tutemiwaTa 

metalebis oqsidebs: 
Na2O + CO2 → Na2CO3 
CaO + CO2 → CaCO3 

CO2 advilad Sedis reaqciaSi tute da tutemiwaTa metalebis hidroq-
sidebTan: 

 

NaOH + CO2 → NaHCO3             
  Ca(OH)2  +  CO2  → CaCO3↓  + H2O 

2NaOH + CO2 → Na2CO3       
        Ba(OH)2  + CO2 → BaCO3↓  +  H2O 

 

      sainteresoa CO2-is urTierTqmedeba tute metalebis (mag., Na-is) 
peroqsidebTan, ris Sedegadac molekuluri Jangbadi gamoiyofa. am 
reaqcias (araorganuli fotosinTezi) Caketil sistemebSi Jangbadis 
regeneraciisaTvis iyeneben: 
 

2CO2 + 2Na2O2→ 2Na2CO3 + O2 
 

CO2-is amiakis wyalxsnarTan urTierTqmedebisas molur Tanafardobis 
Sesabamisad miiReba karbonati an hidrokarbonati, xolo igive reaqciis 
airad fazaSi Catarebisas (uwylod) miiReba ara amoniumis karbonati, 
aramed naerTi, romelsac “amoniumis karbamats” uwodeben: 

CO2 + 2NH3 → CONH2ONH4 
 

misi 150ºC-mde (wnevis qveS, avtoklavSi) gaxurebiT miiReba mniSvne-
lovani azotiani sasuqi _ Sardovana: 

CONH2ONH4 → CO(NH2)2 + H2O 
es naerTi qimiur sinTezebSi, mag., azotSemcveli polimerebis _ 

aminplastebis misaRebadac gamoiyeneba. 
kirian wyalSi [Ca(OH)2-is gamWvirvale wyalxsnari] CO2-is gatarebisas 

warmoiqmneba uxsnadi kalciumis karbonati, amitom xsnari imRvreva. es 
reaqcia CO2-is aRmosaCenad gamoiyeneba. Warbi CO2-is gatarebisas simRvrive 
qreba uxsnadi karbonatis hidrokarbonatSi gadasvlis gamo: 

CaCO3  + CO2  +  H2O → CaH(CO3)2 
oTaxis temperaturaze 1 moculoba wyalSi ixsneba daaxloebiT 1 

moculoba CO2,  ris Sedegadac warmoiqmneba naxSirmJava, romelic mxolod 
misi warmoqmnis momentSi arsebobs. es reaqcia Seqcevadia: 

CO2 + H2O  H2CO3 
CO2 gamoiyeneba cecxlis Casaqrobad, mniSvnelovani karbonatebis 

misaRebad, myari CO2  „mSrali yinulis” saxelwodebiT gamoiyeneba, 
rogorc gamacivebeli saSualeba. 

C3O2 – samnaxSirbadis dioqsidi miiReba malonis mJavis dehidra-
taciiT: 

HOOC–CH2–COOH → C3O2 + 2H2O 
C3O2 ufero, mxuTavi airia, advilad Txevaddeba. mis molekulas 

wrfivi aRnagoba aqvs. naxSirbadis atomebi imyofeba sp-hibridul 
mdgomareobaSi. O=C=C=C=O. C3O2 xangrZlivi SenaxviT polimerizdeba 
(C3O2)n. maRal temperaturaze adgili aqvs C3O2-is disproporcionirebas:  

C3O2  → CO2 + 2C 
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naxSirmJava da misi marilebi: naxSirmJava susti eleqtrolitia. igi 
cnobilia mxolod xsnaris saxiT. wyalxsnarSi naxSirbadis dioqsidi 
ZiriTadad molekulur mdgomareobaSia, amitom wonasworoba ZiriTadad 
marcxniv aris gadaxrili. naxSirmJava orfuZiani mJavaa, amitom gvaZlevs 
ori tipis marilebs. saSualo marilebs – karbonatebs da mJava marilebs 
– hidrokarbonatebs. 

naxSirmJava disocirdeba 2 safexurad: 
H2CO3    H+ + HCO⎯3                Kdis.= 4.5 · 10-7 
HCO⎯3    H+ + CO2⎯3                  Kdis.= 4.8 · 10-11 
meore safexuri mimdinareobs mxolod didi ganzavebis pirobebSi. 

H2CO3 + NaOH → NaHCO3 + H2O (realurad, CO2+H2O) 
H2CO3 + 2 NaOH → Na2CO3 + 2H2O 

karbonatebidan wyalSi mxolod tute metalebisa da amoniumis 
marilebi ixsneba, romlebic amave dros hidrolizdebian: 

Na2CO3 + H2O  NaOH + NaHCO3 
CO2-

3 + H2O    HCO⎯3 + OH⎯ 
hidrolizis Sedegad miiReba tute garemo. tute garemos tute 

metalTa hidrokarbonatebic qmnis wyalxsnarebSi: 
NaHCO3 + H2O    NaOH + H2CO3 

HCO⎯3 + H2O   H2CO3 + OH⎯ 
mxolod naklebi xarisxiT, vidre saSualo marilis SemTxvevaSi. 
naxSirmJava sust fuZeebTan xSirad fuZe marilebs warmoqmnis. mag., 

minerali malaqiti Cu2(OH)2CO3. tute metalebis karbonatebis garda 
(gamonaklisia liTiumis karbonati) yvela karbonati Zlieri gaxurebiT 
Termul disociacias ganicdis: 

Li2CO3 → Li2O + CO2 
MgCO3 → MgO + CO2 
CaCO3 → CaO + CO2 

 
 

tutemiwaTa metalebis karbonatebi kontrpolarizaciis gamo (nax. 3) 
tute metalTa karbonatebTan DSedarebiT gacilebiT advilad iSlebian, 
radgan tutemiwaTa metalebi warmoqmnian mcire radiusis ormuxtian 
kationebs (es movlena sxva oqsomJavebis marilebisaTvisac aris 
damaxasiaTebeli: nitratebi, sulfatebi, perqloratebi da a.S.), Tumca 
kontrpolarizaciasa da nivTierebis Termul mdgradobas Soris yovelTvis 
ar aris martivi damokidebuleba. zogjer nivTierebis daSlis procesebze 
erTdroulad ramdenime faqtori moqmedebs. magaliTad, ceziumis karbo-
nati, tute metalebis karbonatebs Soris yvelaze mdgradi unda iyos, 
radgan Cs-is erTmuxtiani kationi, didi radiusis gamo, naklebi mapolari-
zebeli moqmedebiT xasiaTdeba. Tumca, eqsperimentuli monacemebidan gamom-
dinare, misi daSlis temperatura liTiumis karbonatis daSlis 
temperaturazec ki ufro dabalia. amis mizezi aRmoCnda liTiumis oqsidis 
advilad aqroladoba.  

 
 
 

naxazi 22. kontrpolarizebuli karbonat-ioni 
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tute metalebis hidrokarbonatebi mdgradia da isini mxolod 
gaxurebiT iSlebian karbonatebis warmoqmniT: 

2NaHCO3 → Na2CO3 + CO2 + H2O 
tutemiwaTa metalebis hidrokarbonatebi aramdgradia. maTi 

wyalxsnaridan gamoyofa ar xerxdeba. isini mxolod xsnarebSi arseboben. 
aseTi xsnaris 700C-mde gacxelebac sakmarisia dasaSlelad: 

Ca(HCO3)2 → CaCO3↓ +  CO2  +  H2O 
es reaqcia Cveulebriv pirobebSic mimdinareobs tutemiwaTa 

metalebis hidrokarbonatebis wyalxsnarebis aorTqlebisas. 
karbonatebidan didi mniSvneloba aqvs natriumis karbonats – sodas. 

sodas Rebuloben amiakuri (solveis) meTodiT _ natriumis qloridis 
najer wyalxsnarSi wnevis qveS amiakisa da naxSirorJangis gatarebiT 
warmoiqmneba amoniumis hidrokarbonati: 

NH3 + CO2 + H2O → NH4HCO3 
warmoqmnil hidrokarbonatsa da NaCl-s Soris damyardeba wonasworo-

ba, am oTxi marilidan SedarebiT naklebi xsnadobis gamo daileqeba nat-
riumis hidrokarbonati da wonasworoba marcxnidan marjvniv gadaixreba: 

 

NH4HCO3 + NaCl    NaHCO3 + NH4Cl 
reaqcia bolomde ar midis, radgan natriumis hidrokarbonati mcired 

mainc ixsneba wyalSi. gamoyofil hidrokarbonats Na2CO3-is miRebis 
mizniT axureben: 

2NaHCO3 → Na2CO3 + CO2 + H2O 
darCenil amoniumis qloridze kiris moqmedebiT Rebuloben amiaks da 

warmoebaSi abruneben: 
2NH4Cl + Ca(OH)2 → CaCl2 + 2NH3↑ + 2H2O 

soda kristaldeba Na2CO3·10H2O kristalhidratis saxiT (kristaluri 
soda). soda gamoiyeneba sapnis, minis warmoebaSi da sxva. 

natriumis hidrokarbonati sasmeli sodis saxelwodebiTaa cnobili. 
naxSirmJavas mniSvnelovani marilia K2CO3 _ potaSi, romelic 

gamoiyeneba sasuqad. igi Sedis mcenareTa nacris SemadgenlobaSi. misi 
miReba solveis xerxiT ar xerxdeba wyalSi kargad xsnadobis gamo. 

bunebaSi farTod aris gavrcelebuli kalciumis karbonati CaCO3, 
romelic gvxvdeba kirqvis, carcisa da marmarilos saxiT. mas Seicavs 
agreTve margaliti. 

karbonatebis aRmomCeni reaqciaa ganzavebuli marilmJavas an 
gogirdmJavas urTierTqmedebisas damaxasiaTebeli `duRili~ CO2-is inten-
siuri gamoyofis gamo, romlis identifikaciac SesaZlebelia kiriani 
wyliT: 

CaCO3 + 2HCl → CaCl2 + CO2 ↑+ H2O 
naxSirbadis naerTebidan aRsaniSnavia airebi: diciani [(CN)2] da cian-

wyalbadi. dicianis hidroliziT miiReba mJaunmJava HOOC─COOH. 
cianwyalbadis wyalxsnari cianwyalbadmJavaa (HCN). is susti mJavaa. 

mis marilebs cianidebi ewodeba. cianwyalbadmJava da misi marilebi 
Zlieri sawamlavebia. cianidebi gamoiyenebian sxvadasxva sinTezebSi, 
oqros warmoebaSi. Zalian bevri metalisaTvis aris cnobili cianiduri 
kompleqsebi, romlebic gansakuTrebuli mgdradobiT gamoirCevian. aseTia, 
spilenZis, vercxlis, oqros  cianiduri kompleqsebi K[Cu(CN)2], K[Ag(CN)2], 
K[Au(CN)2]. agreTve cnobilia rkinis cianiduri kompleqsebi _ sisxlis 
yviTeli K4[Fe(CN)6] da wiTeli marilebi K3[Fe(CN)6] da a.S.   
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5.1. siliciumi  
 

     siliciumi IVA jgufis elementia. is aRmoaCina Svedma mecnierma a. 
berceliusma 1824 wels. siliciumi araorganul qimiaSi daaxloebiT 
iseTive rols TamaSobs, rogorsac naxSirbadi organul qimiaSi. 
dedamiwis qerqis warmomqmneli mTis qanebis Semadgeneli mineralebi 
ZiriTadad silikaturia. bunebrivi siliciumi sami stabiluri izotopis 
saxiT aris cnobili: 28Si (92,27%), 29Si (4,68%) da 28Si (3,05 %).  

siliciumis atomis gare garsis eleqtronuli konfiguracia Semdegi 
sqemiT gamoisaxeba: 

14Si:   [Ne] 3s23p2 

3s

n = 3

3p
3d

 
 

miuxedavad msgavsebisa (ns2np2), misi, rogorc III periodis elementis 
eleqtronuli struqtura gansxvavdeba naxSirbadisagan gare SreSi vakan-
turi d-orbitalebis arsebobiT, rac mas kompleqswarmoqmnis unarsa da 
naxSirbadisagan gansxvavebul bevr sxva Tvisebas aniWebs. siliciumi, nax-
SirbadTan SedarebiT, xasiaTdeba atomis SedarebiT ufro didi radiu-
siT, Sesabamisad ionizaciis naklebi  energiiT da mniSvnelovnad dabali 
eleqtrouaryofiTobiT.   

siliciumis atomis aRnagobis specifika ganapirobebs misi qimiuri 
bmis energiebis mniSvnelobebis gansxvavebas naxSirbadis atomTan 
dakavSirebuli igive atomebis analogiur maxasaTeblebTan SedarebiT. 

siliciumisaTvis sp da sp2 hibriduli mdgomareobebi aramdgradia, 
amitom Sesabamisi qimiuri struqturis naerTebis warmoqmna naklebad 
saalbaToa (Tumca, aqve unda SevniSnoT, rom garkveul, specifikur piro-
bebSi, moxerxda sp2 hibridul mdgomareobaSi myofi siliciumis atomis 
Semcveli elementorganuli naerTebis (naerTebi E−Si bmebiT) dasinTezeba. 
 

cxrili 10. 
 

   qimiuri bma    bmis energia, 
    kj⁄moli 

  qimiuri  bma    bmis energia, 
    kj⁄moli 

Si−H 319-320 C−H 415-420 

Si−N 330-350 C−N 206-210 

Si−O 445-450 C−O 360-370 

Si−F 567-570 C−F 487 

Si−Cl 382 C− Cl 340 
 

siliciumis atomis JangviTi ricxvi naerTebSi -4 (metalTa silici-
debi, mag., Mg2Si da sxv.) da +4-ia (SiF4, SiCl4, SiH4 da a.S.), xolo misi maqsi-
maluri koordinaciuli ricxvi 6-ia, yvelaze damaxasiaTebeli ki _ 4.              

martivi nivTierebis saxiT cnobilia siliciumis ramdenime modifi-
kacia, romelTa Soris yvelaze mdgradia almasis msgavi (kuburi). almasis 
msgavsad isic Znelad lRobadia (1415ºC), gamoirCeva didi simagriT. Si−Si 
bmebis warmomqmneli eleqtronebis nawilobrivi delokalizaciis gamo es 
modifikacia muqi nacrisferia da axasiaTebs metaluri bzinva. maRali 
sisufTavis siliciumis kristalebs Zalze mcire eleqtrogamtaroba aqvs. 
misi eleqtrogamtaroba izrdeba siliciumis struqturaSi defeqtebis 
arsebobisas. almasis msgavsi kuburi struqturis siliciumi oTaxis 
temperaturaze naxevargamtaria.  
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siliciumi bunebaSi ZiriTadad SiO2-is (kaJmiwis) saxiT aris gavrcele-
buli. kaJmiwa ki bunebaSi ufro xSirad kvarcis saxiT gvxvdeba. cnobilia 
aseve misi gansxvavebuli kristaluri formebi: kristabaliti da 
tridimiti. Cveulebriv pirobebSi mdgrad formas warmoadgens α-kvarci, 
sxva formebi ki imave pirobebSi metastabiluria. 8700C-mde mgdradia 
kvarci, tridimiti _ 870-14700C-mde, xolo kristabaliti 14700C zemoT. 

kaJmiwis sxvadasxva saxeobebi erTmaneTisagan Si
O

Si  kuTxeebiT da Si-O 
bmis sigrZeebiT gansxvavdeba.  

 

 
 

naxazi 23. mTis broli da bolisferi topazi 
 

kvarci bunebaSi xSirad gavrcelebulia sakmaod kargad formirebu-
li kristalebis saxiT, romlebic zogjer mniSnelovnad didi zomisaa. 
kvarcis aseT bunebriv saxeobebs gansakuTrebuli saxelebi hqvia: 
gamWvirvale ufero kristalebs mTis brols uwodeben, iisfers _ 
ameTvistos, muq yavisfers _ bolisfer topazs da a.S. isini Zvirfas da 
naxevrad Zvirfas qvebs warmoadgenen. wvrilkristalur minarevebian 
kvarcs agats uwodeben.  

dedamiwis qerqis Semadgeneli mTis qanebi ZiriTadad silikatebisa da  
aluminsilikatebisagan Sedgeba. bunebrivi silikatebi SeiZleba ganvixi-
loT, rogorc polisiliciumis mJavebis protonTa ama Tu im metaliT 
nawilobrivi an sruli Canacvlebis produqtebi. gansakuTrebiT 
mniSvnelovania aluminsilikatebi, romelTa anionebi siliciumTan erTad 
aluminsac Seicaven maTze modis dedamiwis qerqis masis naxevarze meti. 
mniSvnelovani aluminsilikatebia: kaolini Al2O3·2SiO2·2H2O, mindvris Spati 
K2O·Al2O3·6SiO2, nefelinebi – Na2O·Al2O3·2SiO2 da K2O·Al2O3·2SiO2 da a.S. 
 

 
miRebis meTodebi: 

 

a) teqnikuri siliciumi miiReba silicium(IV) oqsidze magniumis 
moqmedebiT: 

  SiO2 + Mg  → Si + 2MgO 
    am meTodis naklia Tanamde produqtis saxiT Mg2Si-is warmoqmna. 

silicium(IV) oqsidis gaxureba naxSirTan (koqsTan): 
SiO2 + 2C  → Si + 2CO 

     reaqciis Tanamde produqtis saxiT warmoiqmneba siliciumis karbidi 
– karborundi (SiC).      

b) qimiurad sufTa siliciumi miiReba tetraqlorsiliciumis 
orTqlis (maRal temperaturaze) TuTiis fxvnilze gatarebiT: 

 SiCl4 + 2Zn → Si + 2ZnCl2 
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silanis da tetraiodsilanis Termuli daSliT: 
 

                                SiH4 → Si + 2H2   
SiJ4 → Si + 2J2 

 
qimiuri Tvisebebi: Cveulebriv pirobebSi siliciumi qimiurad sakmaod 

inertulia. oTaxis temperaturaze is uerTdeba mxolod fTors. maRal 
temperaturaze energiulad uerTdeba Jangbads (600ºC), qlors (400ºC), 
naxSirbads (2000ºC), magniums (SelRobiT) da a.S.: 

Si + O2 → SiO2 
Si + 2F2 → SiF4 

Si + 2Cl2 → SiCl4 
Si + 2Mg → Mg2Si 

Si + C → SiC 
karborundi warmoiqmneba agreTve siliciumis dioqsidisa da koqsis 

mocemuli Tanafardobis narevis gacxelebisas: 
 

 SiO2 + 3C → SiC + 2CO 
 

sufTa karborundi ufero, Zalze magari kristaluri nivTierebaa. 
teqnikuri karborundi muqi nacrisferia. iSleba tuteebis moqmedebiT 
mJangavebis Tanaobisas: 
 

SiC +  2KOH + 2O2 → K2SiO3 + CO2↑+H2O 
 

 karborundis bazaze awarmoeben mravalgvar mdgrad, cecxlgamZle 
masalas (saSlifavi saSualebebi, aracveTadi platformis filebi, 
Rumelebis amosagebi cecxlgamZle filebi da sxv.) siliciumis da 
karborundis fxvnilebis bazaze amzadeben Reroebs eleqtro-
RumelebisaTvis da sxv. 

siliciumi mdgradia bevri mineraluri mJavis moqmedebis mimarT, 
magram gacxelebisas urTierTqmedebs saSualo siZlieris fTorwyalbad-
mJavasTan, agreTve HF da HNO3  narevTan: 

Si + 4HF → SiF4 + 2H2↑ 
3Si + 18HF + 4HNO3 → 3H2SiF6 + 4NO + 8H2O 

 siliciumze maRal temperaturaze moqmedebs wylis orTqli meta-
siliciummJavasa da wyalbadis warmoqmniT:  
                                                     Si + 3H2O → H2SiO3 +  2H2↑ 
 siliciumi energiulad moqmedebs tuteebis wyalxsnarebTan 
Sesabamisi silikatebis warmoqmniT da wyalbadis gamoyofiT: 

                    Si + 2KOH + H2O  → K2SiO3 +  2H2↑ 
 siliciumi ixsneba gamlRval metalebSi. is gamoiyeneba naxevar-
gamtarul teqnologiaSi, foladis warmoebaSi (siliciumis rkinasTan 
SenalRobis – ferosiliciumis saxiT), antikoroziuli Senadnobebis 
misaRebad da sxv.  
 siliciumi, rogorc naxevargamtari, gamoiyeneba fotoelementebSi, 
mzis batareebis dasamzadeblad, radio- da kosmosur aparaturaSi da sxv. 
 

siliciumis naerTebi -4 JangviTi ricxviT. metalTa silicidebi:    
metalTa silicidebi maRal temperaturaze (inertul areSi) siliciumis 
metalebTan urTierTqmedebiT miiReba. tute da tutemiwaTa metalTa 
silicidebi qimiurad aqtiur naerTebs warmoadgenen. isini SedarebiT 
advilad iSlebian wyliT da mineraluri mJavebiT silicidebs amzadeben 
siliciumis sxvadasxva SemcvelobiT. rac ufro maRalia siliciumis 
Semcveloba, miT metia warmoqmnili silicidebis mJava da tutemedegoba. 
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silicidebidan gansakuTrebiT farTod gamoiyeneba rkinis silicidi 
– ferosiliciumi (foladis warmoebaSi), molibdenis silicidi (eleqtro-
Rumelebis gamaxureblebad), magniumis silicidi (Mg2Si – silanis 
misaRebad), romelic miiReba Semdegi reaqciiT: 

SiO2 + 4Mg → Mg2Si + 2MgO 
 

siliciumis naerTebi +4 JangviTi ricxviT: siliciumis atoms +4 
JangviTi ricxviT Seicavs rogorc bevri bunebrivi naerTi (kaJmiwa, 
silikatebi, aluminsilikatebi da sxv.), ise sinTezuri naerTebi (SiH4 - 
airi, SiF4- airi, SiCl4 - siTxe, SiBr4 - siTxe, SiI4, SiS2, Si3N4, SiC – myari naerTebi). 
maTgan silanisa (SiH4) da halogensilanebis (SiX4, X – halogenis atomia) 
garda yvela polimeruli naerTia. am naerTebis warmoqmnaSi naxSirbadis 
analogiuri naerTebis msgavsad, siliciumis oTxive savalento eleqt-
roni (ao) monawileobs, Tumca maT gansxvavebuli struqturebi gaaCniaT.  
 tetraedruli struqtura (naxazi 24) Seesabameba naerTebs 4 koordi-
naciuli ricxviT. 

 
 

naxazi 24. siliciumhalogenidisa da silanis tetraedruli modeli            
(A-siliciumis atomia, B – heteroatomi H, Hal) 

 

 aseve tetraedruli aRnagoba aqvT siliciumis binaruli naaerTebis 
Sesabamis koordinaciul anionebs, mag., SiO3

-2, SiS3
-2 da sxv., romelTac 

naxSirbadis analogiuri naerTebisagan gansxvavebiT polimeruli 
struqtura axasiaTebT. qimiurad aqtiuri da advilad lRobadi an 
aqroladi binaruli monomeruli naerTebisagan gansxvavebiT siliciumis 
polimeruli naerTebi qimiurad mdgradi, mtkice maRallRobadi naerTe-
bia, rac dakavSirebuli unda iyos maT mier mdgradi koordinaciuli 
mesris warmoqmnasTan (mag., SiO2, SiC, aluminsilikatebi, silikatebi).  

silicium(IV)-is binaruli naerTebi (dioqsidi, silanebi, halogen-
silanebi, SiS2 da a.S.) mJava bunebis naerTebia. xsnarebSi an SelRobiT 
isini moqmedeben tuteebTan an fuZe bunebis sxva naerTebTan: 

SiO2 + Ca(OH)2 → CaSiO3 + H2O  
qviTkiris miReba 

SiO2 + CaO→ CaSiO3  
SiS2 + BaS → BaSiS3 

 maTi mJava buneba hidrolizis reaqciebSic vlindeba: 
SiCl4 + 3H2O → H2SiO3↓ + 4HCl 

                          SiS2 + 3H2O → H2SiO3↓ + 2H2S 
rogorc aRvniSneT, siliciumis tetrahalogenidebis miReba pirdapiri 

urTierTqmedebiT SeiZleba, magram praqtikulad maT SiO2-gan Rebuloben. 
mag., SiCl4 Rebuloben SiO2-sa da naxSiris gaxurebul narevze qloris 
moqmedebiT:  

SiO2 + 2Cl2 +2C → SiCl4 + 2CO 
 siliciumis tetrafToridi ki SiO2-ze uSualod HF-is urTi-

erTqmedebiT miiReba: 
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SiO2 + 4HF → SiF4 + 2H2O 
(SiO2 yvela sxva mJava oqsidisagan gansxvavebiT reaqciaSi Sedis HF-

Tan). es reaqcia gamoiyeneba minaze warwerebis  gasakeTeblad. 
Warbi Txevadi HF-is moqmedebisas reaqcia grZeldeba kompleqsuri 

mJavas warmoqmniT: 
                          SiF4 + 2HF → H2[SiF6]  

H2[SiF6] _ Zlieri mJavaa (Tavisufal mdgomareobaSi gamoyofili ar 
aris). misi [SiF6]2- anioni wyalxsnarSi mdgradia. am mJavis marilebi _ 
fTorosilikatebi SiF4-is tute metalTa fToridebTan urTierTqmedebiT 
miiReba: 
                          SiF4 + 2KF → K2[SiF6]   

metalTa ftorsilikatebis miReba pirdapir SiO2-danac SeiZleba 
Semdegi reaqciiT: 

4HF + CaF2 + SiO2  → CaSiF6 + 2H2O 
         siliciumis tetrafToridi da fTorsilikatebi sawamlavebia! 

siliciumi, naxSirbadisgan gansxvavebiT, wyalbadTan uSualod ar 
urTierTqmedebs, magram misi naerTebi arsebobs da isini arapirdapiri 
gziT miiRebian. maTi Sedgeniloba gamoisaxeba zogadi formuliT SinH2n+2. 
umartivesi silani (monosilani) SiH4 miiReba magniumis silicidze maril-
mJavas moqmedebiT: 

Mg2Si  + 4HCl → 2MgCl2 + SiH4 
ramdenadac Si-Si da Si-H gacilebiT sustia, vidre C-C da C-H bmebi, 

amitom silanebi gacilebiT reaqciisunarianebi arian naxSirwyalbadebTan 
SedarebiT, bevri maTgani haerze TviTaalebadia: 

SiH4 + O2 → SiO2 + 2H2O 
siliciummJavebi da maTi marilebi. silikatebi, xsnadi mina. 

warmodgena silikatur warmoebaze. mWidi masalebi: siliciummJavebis 
zogadi formulaa nSiO2•mH2O. Tavisufal mdgomareobaSi gamoyofen 
metasiliciummJavas − H2SiO3.. mis marilebs silikatebi ewodeba. SiO2 
Sesabamisi mJava oqsidia. metasiliciummJava miiReba (stabilizatorebis 
Tanaobisas arsebobs zolis saxiT) xsnad silikatebze (natriumis da 
kaliumis silikatebi) mineraluri mJavebis moqmedebiT: 

Na2SiO3 + 2HCl  → H2SiO3↓ +  2NaCl 
 

                   metasiliciummJavas frTxili gaxurebiT warmoiqmneba forovani SiO2 
e.w. silikageli, romelic gamoiyeneba svetis da Txelfenovan qromato-
grafiaSi. xsnad silikatebs (tute metalTa silikatebi, wyalxsnarebSi 
hidrolizdebian da aqvT tute reaqcia) minasTan maTi msgavsebis gamo 
xsnad minebs uwodeben. xsnadi silikatebi silikaturi webos dasamza-
deblad gamoiyeneba. es webo marTalia hidrofiluria, magram maRali 
TermomdgradobiT gamoirCeva, rac misi struqturiT da Si−O bmis maRali 
TermomdgradobiT aris ganpirobebuli. xsnadi minebi Sesabamis tuteebTan 
da karbonatebTan siliciumis dioqsidis SelRobiT miiReba: 

SiO2 + 2KOH → K2SiO3 + H2O 
SiO2 + Na2CO3→ Na2SiO3 + CO2↑ 

(es reaqcia safuZvlad udevs minis warmoebas) 
  

silikatebi gamoirCeva mravalferovnebiT. maT rTuli aRnagoba aqvT.  
    rogorc SiO2_is, ise oqsosilikatebis struqturul erTeuls 
warmoadgens SiO4_is tetraedruli struqturuli rgoli, romelic sami 
sxvadasxva formiT SeiZleba arsebobdes, rac silikatebis mraval-
ferovnebas ganapirobebs. isini warmoqmnian sxvadasxva zemolekulur 
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struqturebs – jaWvebs, lentebs da Sreebs, romlebic maT Soris ganla-
gebuli kationebiT arian SekavSirebuli (polioqsosilikatebis struq-
turebis modelebi, nax. 25). oqsosilikatebis didi umravlesoba wyalSi 
uxsnadia.  
 

 
naxazi 25. polioqsosilikatebis struqturebis modelebi 

 

silikatebis bazaze ganviTarebulia silikaturi warmoeba. cnobilia 
silikaturi warmoebis sami ZiriTadi tipi: 

- minis warmoeba; 
- cementis warmoeba;  
- keramikuli warmoeba (“keramon” berZnulad Tixas niSnavs). 
am ukanasknelis bazaze, garda sayofacxovrebo daniSnulebis nakeTo-

bebis warmoebisa, dafuZnebulia monoliTuri saSeni da mosapirkeTebeli 
masalebis warmoeba. minis boWkos SerwymiT sxvadasxva organul fisebTan 
amzadeben maRalmdgrad da mtkice minaplastikebs. 

amJamad kvlav didi yuradReba eqceva rogorc sinTezuri, ise modifi-
cirebuli ceoliTebis gamoyenebas, gansakuTrebiT maRalefeqturi kata-
lizatorebis da forovani masalebis dasamzadeblad.  

calke Seswavlis sagans warmoadgens siliciumorganuli naerTebi, 
romelic metalorganuli qimiis kursSi ganixileba. 
 

sitalebi: minakristaluri naerTebia. isini miiRebian gamlRvali 
minis garkveul pirobebSi gacivebiT, rodesac gamlRval minaSi SeyavT 
garkveuli danamatebi, romlebic aCqareben kristalizaciis process da 
warmarTaven minis xarSvas gansazRvrul reJimSi. Sedegad warmoiqmneba 
pirveladi wvrili kristalebi, romlebic SekavSirebuli arian daukris-
talebeli minis Txeli apskiT. sitalebi xasiaTdebian maRali mdgra-
dobiT, simtkiciT, qimiuri da TermomdgradobiT, dabali eleqtrogamta-
robiT. isini kargi izolatorebia. maT iyeneben iafi da gamZle samSeneb-
lo masalebis dasamzadeblad. 
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Gekr + GeO2 kr 2 GeO

Snkr + SnO2 kr 2 SnO

Pbkr + PbO2 kr 2 PbO

5.2. germaniumis qvejgufi  
 

  germaniumis qvejgufi aerTianebs elementebs: germaniumi (Ge), kala 
(Sn), tyvia (Pb), romlebic sruli eleqtronuli analogebia. maTi gare 
garsis eleqtronuli konfiguraciaa: ns2np2. IVA jgufi periodul 
sistemaSi iwyeba naxSirbadiT, romelic tipuri arametalia, Semdeg modis 
siliciumi, romelic faqtiurad arametalia, germaniumi SeiZleba miekuTv-
nos metalsac da arametalsac, masSi orive tipis damaxasiaTebeli Tvise-
bebi daaxloebiT Tanabrad aris warmodgenili. kala da tyvia ki metale-
bia. rogorc vxedavT, erTsa da imave jgufSi TvisebebiT erTmaneTisagan 
mniSvnelovnad gansxvavebuli elementebia moTavsebuli. faqtiurad, 
germaniumi ukve avlens metalur Tvisebebs, romelic momdevno 
elementebSi Zlierdeba. aRniSnuli mimarTulebiT izrdeba atomis 
radiusi da Sesabamisad mcirdeba ionizaciis energia:  
 

cxrili 11 
 

elementi atomis radiusebi, 
nm 

ionizaciis energia, 
ev. 

Ge 139 7,90 
Sn 155 7,34 
Pb 175 7,42 

 

  atomuri nomris zrdasTan erTad s-eleqtronebis roli qimiuri 
bmebis warmoqmnaSi mcirdeba. Tu germaniumisaTvis ufro metad (+4) Jangvi-
Ti ricxvia damaxasiaTebeli, tyviisaTvis _ (+2). kalas naerTebSi es 
gansxvaveba SedarebiT naklebad vlindeba, Tumca kalas (+4) JangviTi 
ricxvis mqone naerTebi ufro mdgradia.  

  TvisebaTa cvlilebis aRniSnuli xasiaTi SesabamisobaSia qvemoT 
mocemuli disproporcionirebis reaqciebisaTvis gansazRvrul ∆G-is 
mniSvnelobebs:   

                                                                                     

                                                                                                  ∆G = 47 kjouli                                  

                                                 ∆G = -6 kjouli 

                                                           ∆G = -160 kjouli 

aqedan gamomdinare, pirveli procesi unda warimarTos marjvnidan 
marcxniv, rac imas niSnavs, rom GeO2 ufro mdgradia, vidre GeO. mesame 
reaqcia ki, piriqiT, marcxnidan marjvniv mimdinareobs. e.i. PbO, PbO2-ze 
ufro mdgradia. 

 

gavrceleba bunebaSi: rogorc cnobilia, germaniumis, rogorc elemen-
tis arseboba 1871 wels iwinaswarmetyvela d. mendeleevma, aRwera misi 
fizikuri da qimiuri Tvisebebi da mas ekasiliciumi uwoda. 1885 wels 
germanelma mecnierma k. vinklerma vercxlis madanSi axali alementi 
aRmoaCina, romelsac ekasiliciumis Tvisebebi hqonda. vinklerma am 
elements germaniumi uwoda. 

germaniumi ganbneuli elementia. calke sabadoebs ar qmnis. is axlavs 
bunebriv sulfidur da silikatur madnebs.  

kala ar aris farTod gavrcelebuli elementi. misi Semcveloba 
dedamiwis qerqSi 0,04%-s Seadgens, magram kala misi spilenZTan 
Senadnobis saxiT (brinjao _ 10% Sn, 90% Cu) uxsovari droidan aris 
adamianebisTvis cnobili, amis mizezia madnidan misi miRebis siadvile 
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(advilad lRveba). kalas yvelaze mniSvnelovani mineralia kalaqva (SnO2), 
saidanac mas naxSiriT aRdgeniT Rebuloben. 

tyviis Semcveloba dedamiwis qerqSi daaxloebiT 0,0016%-s (masiT) 
Seadgens. misi yvelaze mniSvnelovani mineralia tyviis kriala PbS. tyvia, 
rogorc uranisa da Toriumis radioaqtiuri daSlis saboloo produqti, 
Sedis uranisa da Toriumis mineralebSi. 
 

miRebis meTodebi: 
germaniumis qvejgufis elementebs ZiriTadad oqsidebis aRdgeniT 

Rebuloben. germaniumis bunebrivi naerTebi gadayavT GeO2-Si, romelsac 
wyalbadiT aRadgenen.  

kalas Rebuloben kalaqvis (SnO2) naxSiriT aRdgeniT. didi praqti-
kuli mniSvneloba aqvs kalis regeneracias; am mizniT «TeTri Tunuqis» 
CamonaWrebs (anodi), romlebic 2-3% kalas Seicavs, CauSveben natriumis 
tutis xsnarSi da eleqtroliziT kaTodze gamoleqaven sufTa kalas an 
kalis qloridis misaRebad mas qloriT amuSaveben, qlori rkinaze 
advilad kalasTan Sedis reaqciaSi tetraqloridis warmoqmniT: 

Sn + 2Cl2 → SnCl4 
galenitidan (PbS) tyviis miReba ramdenime safexurad mimdinareobs. 

pirveli metalurgiuli procesia PbS-dan PbO-s miReba: 
PbS + 3O2 → 2PbO + 2SO 

miRebul PbO-s koqsTan acxeleben, ris Sedegadac miRebuli tyvia 
mravali metalis minarevs Seicavs da saWiroebs Semdgom gasufTavebas. 

 

fizikuri Tvisebebi: kompaqtur mdgomareobaSi germaniumi movercx-
lisfro-TeTria, garegnulad metals hgavs, magram almasis msgavsi struq-
tura aqvs, Tumca naxSirbadTan SedarebiT atomis didi radiusis gamo 
simagriT almass mniSvnelovnad CamorCeba. germaniumi naxevargamtaria. β-
kala da tyvia metalebia da axasiaTebT metaluri gamtaroba. 

Cveulebriv pirobebSi kala arsebobs β-modifikaciis saxiT. TeTri 
kala mdgradia 140C-is zeviT. is movercxlisfro-TeTri metalia atomTa 
oqtaedruli koordinaciiT. gacivebisas TeTri kala gadadis α-modifika-
ciaSi (ruxi kala). β-formis α-formaSi gadasvlas axlavs moculobis 
zrda da simkvrivis Secireba, amitom kala xdeba fxvnilisebri (ruxi 
kala). 

nacrisfer mdgomareobaSi gadasvlisas kalisagan damzadebuli sag-
nebi mTlianad iSleba. es procesi temperaturis SemcirebiT Cqardeba. 
maqsimalur siCqares gadasvla -480C-ze aRwevs. TeTri kalis nacrisferSi 
gadasvlas aCqarebs nacrisfer kalasTan Sexeba. am dros gardaqmna 
vrceldeba kalisgan damzadebul mTel nakeTobaze, aqedan gamomdinare, am 
movlenas “kalis Wirs” uwodeben. 

(1912 wels samxreT polusisken mimavali eqspedicia daiRupa imis 
gamo, rom daiSala Txevadi sawvaviT savse WurWlebi, romelTa kedlebi 
erTmaneTTan sufTa kaliT iyo mirCiluli). 

tyvia monacrisfro-TeTri metalia, sufTa tyvia rbilia. tyvias, 
rogorc metals, waxnagcentrirebuli kuburi struqtura aqvs. germaniumi 
da siliciumi erTmaneTSi ganusazRvrelad ixsnebian. Ge, Sn da Pb 
gansazRvrul farglebSi myar xsnarebs warmoqmnian. 
 

qimiuri Tvisebebi: 
germaniumis qvejgufis elementebis gansxvavebuli qimiuri buneba 

kargad Cans mJavebTan maT damokidebulebaSi. metalTa eleqtroqimiuri 
Zabvis mwkrivSi germaniumi wyalbadis Semdeg aris moTavsebuli, kala da 
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tyvia ki uSualod wyalbadis win. amitom germaniumze marilmJava da ganz. 
gogirdmJava ar moqmedebs, magram aRniSnuli mJavebi arc tyviaze moqme-
deben. amis mizezia miRebuli marilebis PbCl2 da PbSO4-is wyalSi praqti-
kulad uxsnadoba.  

kalaze marilmJava da ganz. gogirdmJava Zalian nela moqmedebs. am 
mJavebis konc. xsnarebi, gansakuTrebiT gacxelebisas, kargad xsnian 
kalas, mag., marilmJavas moqmedebiT miiReba kala(II)-is qloridi:   

Sn + 2HCl → SnCl2 + H2↑ 
xolo gogirdmJavasTan _ kala(IV)-is sulfati: 

Sn  +  4 H2SO4  →  Sn(SO4)2  +  2 SO2  +  4H2O 
rogorc metali, kala ganz. azotmJavasTanac marils [kala(II)-is 

nitrats] warmoqmnis: 
 3 Sn + 8 HNO3 → 3 Sn(NO3)2 + 2 NO + 4 H2O 

germaniumi da kala konc. azotmJavas mJavebSi gadahyavs: 
Ge  + 4 HNO3  →  H2GeO3  +  4 NO2  +  H2O 
Sn  + 4 HNO3  →  H2SnO3↓  +  4 NO2  +  H2O 

β-kalas mJava miiReba TeTri naleqis saxiT. is ar ixsneba arc mJavaSi 
da arc tuteSi.  

kala(IV)-is hidroqsidebi, romlebsac kalas mJavebs uwodeben, 
cnobilia ori modifikaciis saxiT _ α-kala da β-kalas mJava. α-kalas 
mJava miiReba SnCl4-ze amiakis wyalxsnaris moqmedebiT: 

SnCl4  +  4 NH4OH  →  H2SnO3↓  +  4 NH4Cl  +  H2O 
axladdaleqili kalas mJava ixsneba tutesa da mJavaSic ki: 

H2SnO3  + 2NaOH  +  H2O  →  Na2[Sn(OH)6] 
miRebuli marili kristalebis (Na2SnO3·nH2O) saxiT gamoiyofa. 

dayovnebisas α-kalas mJava β-kalas mJavad gardaiqmneba da qimiur 
aqtiurobas kargavs. 

tyvia azotmJavasTan misi nebismieri koncentraciis SemTxvevaSi 
moqmedebs, rogorc metali: 

4Pb  +  8HNO3 ganz. →  4Pb(NO3)2    +  2NO  +  4H2O 
Pb  +  4HNO3 konc.   →  Pb(NO3)2    +  2NO2  +  2H2O  

 

gacxelebisas tutis xsnari xsnis kalas da tyvias tetrahidroqso-
stanitis da tetrahidroqsoplumbitis warmoqmniT: 

Sn  +  2NaOH  + 2H2O  →  Na2[Sn+2(OH)4]  +  H2↑ 
Pb  + 2KOH  + 2H2O  →  K2[Pb+2(OH)4]  +  H2↑ 

germaniumi ki tutesTan mxolod mJangavebis Tanaobisas moqmedebs: 
Ge  + 2KOH + 2H2O2 →  K2[Ge+4(OH)6] 

 

naerTebi ZiriTadi elementis - 4 JangviTi ricxviT:  
germaniumi da misi analogebi magniumTan warmoqmnian naerTebs 

SedgenilobiT Mg2E (germanidi, stanidi da plumbidi). am naerTebze mJavas 
moqmedebiT hidridebi miiReba: 

Mg2E  +  4HCl  →  2MgCl2  +  EH4 
Mg2E  +  4NH4Cl  →  2MgCl2  +  EH4  +  4NH3    

 (Txevad amiakSi) 
germaniumis qvejgufis elementebis hidridebis ricxvi mcirea da 

yvela isini naklebad mdgradebia. 
Ge-Sn-Pb am mimarTulebiT E-E da E-H bmebis simtkice klebulobs. PbH4 

imdenad aramdgradia, rom misi warmoqmna mxolod arapirdapiri gziT 
SeiZleba dadgindes. 

Mg2Ge-ze mJavas moqmedebiT GeH4-is garda miiReba digermanic Ge2H6, 
trigermani Ge3H8, cnobilia agreTve distanani Sn2H6. 
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naerTebi ZiriTadi elementis +2 JangviTi ricxviT: es mdgomareoba 
yvelaze metad tyviisaTvis aris damaxasiaTebeli, germaniumis naerTebi 
misi atomis +2 JangviTi ricxviT sakmaod mcirericxovania.  

 tyviis naerTebidan misi atomis +2 JangviTi ricxviT aRsaniSnavia 
nitrati da acetati. sxva marilebi wyalSi an mcired xsnadi Pb(Hal)2 an 
praqtikulad uxsnadia PbSO4, PbCrO4.... amiT aixsneba tyviis mdgradoba 
bevri mJavis moqmedebis mimarT. 

 oqsidebi EO da E(OH)2 amfoterulia: 
E(OH)2 + 2HCl  →  ECl2 + 2H2O 

E(OH)2 + 2NaOH  →  Na2[E(OH)4] 
 amasTan tyviis naerTebSi misi atomis +2 JangviTi ricxviT ufro 

vlindeba fuZe Tvisebebi, germaniumis naerTebSi ki − mJava Tvisebebi. 
  Ge(II)-is da Sn(II)-is naerTebi Zlieri aRmdgenebia. 
  SnCl2 _ oTaxis temperaturaze moqmedebs qlorTan: 

SnCl2 + Cl2 → SnCl4 
 Fe+3-s aRadgens Fe+2-mde: 

2FeCl3 + SnCl2 → 2 FeCl2 + SnCl4 
sulemis xsnarze SnCl2-is siWarbisas aRdgena metalamde mimdinareobs: 

2HgCl2 + SnCl2 → SnCl4 + Hg2Cl2↓    
Hg2Cl2 + SnCl2  → SnCl4  + 2Hg 

aseve metalamde aRadgens bismuts misi nitratidan: 
2 Bi(NO3)3  +  3 Na2[Sn(OH)4]  +  6 NaOH  →  2 Bi  +  3 Na2[Sn(OH)6]  + 6 NaNO3 
CrO4

2- ions aRadgens Cr+3-mde da a.S. Sn-s da gogirdis uSualo 
moqmedebiT an kala(II)-is marilebze H2S-is moqmedebiT gamoiyofa yavis-
feri naleqi SnS, romelic ar ixsneba ganz. Zlier mJavebSi da arc 
amoniumis sulfidSi SnS Tiomarilebs ar warmoqmnis: 

Sn + S → SnS 
SnCl2 + H2S → SnS ↓ + 2 HCl 

PbS Savi feris naleqia. wyalSi da mJavaSi uxsnadi. miiReba Pb(II)-is 
marilebze H2S-is moqmedebiT: 

Pb(NO3)3  +  H2S  →  PbS ↓  + 2 HNO3 
GeS miiReba GeS2-is germaniumTan gacxelebiT: 

GeS2 + S → 2 GeS 
PbS-gan gansxvavebiT GeS da SnS amoniumis persulfidiT iJangebian: 

SnS +  (NH4)2S2  →  SnS2  +  (NH4)2S 
am reaqciazea damyarebuli SnS-is da PbS-is erTmaneTisagan dacileba. 
halogenidebi ZiriTadi elementis +2 JangviTi ricxviT halogenis 

metalebTan uSualo moqmedebiT mxolod tyviis SemTxvevaSi warmoiqmneba: 

Pb  +  Cl2
t PbCl2  

SnCl2 miiReba kalaze marilmJavas moqmedebiT. germanium(II)-is qloridi 
ki Semdegi reaqciiT: 

GeCl4  +  Ge  →  2GeCl2 
 

naerTebi ZiriTadi elementis +4 JangviTi ricxviT: samive elementisa-
Tvis cnobilia dioqsidebi: GeO2, SnO2, PbO2. 

 GeO2 _ germaniumis erT-erTi yvelaze mdgradi naerTia. TeTri feris 
fxvnilia. amfoterulia. mJavasTan Znelad, magram mainc Sedis reaqciaSi: 

GeO2  +  4 HCl t GeCl4  +  2 H2Op  
advilad moqmedebs tutesTan: 

GeO2  +  2 NaOH  →  Na2GeO3  +  H2O 
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tutis xsnaris moqmedebiT ki anionuri hidroqsokompleqsebi miiReba: 
GeO2  +  2 NaOH  +  2 H2O  →  Na2[Ge(OH)6] 

aseve amfoterulia SnO2. is cxel tuteSi ixsneba; HF-Tan da gogird-
mJavasTan moqmedebs xangrZlivi gacxelebisas [warmoqmnis Sn(SO4)2-s]. aseve 
amfoterulia  PbO2-ic: 

2CaO  + PbO2   →  Ca2PbO4 
PbO2   +  4 HCl  →  PbCl2   +  Cl2   +  2H2O 

 marilmJavasTan is moqmedebs, rogorc mJangavi. 
 PbO2 moqmedebs PbO-sTan tyviis surinjis (Pb3O4) warmoqmniT: 

PbO  + PbO2    →  Pb3O4 
tyviis surinji Pb(II) da Pb(IV)-is nawarmia, ixsneba azotmJavaSi: 

Pb2PbO4  +  4HNO3 → 2Pb(NO3)2  +  PbO2  +  2H2O 
PbO2 Zlieri mJangavia: 

2Mn+2  +  5PbO2  +  4H+  →  5Pb+2  +  2MnO4
-   +  2H2O 

Pb+2-is Pb+4-ad gardaqmnas sWirdeba Zlieri mJangavi: 
Pb(CH3COO)2  +  Cl2   +  4KOH  →  PbO2  +  2KCl  +  2CH3COOK  +  2H2O  

tetrahalogenidebi GeHal4 _ SnHal4 _ PbHal4 maTi mdgradoba am mimarTu-
lebiT sagrZnoblad mcirdeba. tyviis tetraiodidi saerTod ar aris cno-
bili. isini advilad hidrolizebadi naerTebia: 

SnCl4  +  4H2O  →  Sn(OH)4  +  4HCl   
 tetrahalogenidebi fuZe halogenidebTan kompleqsur halo-genidebs 

warmoqmnian: 
EF4 + 2KF → K2[EF6] 

 tetrahalogenidebidan yvelaze mniSvnelovani GeCl4 da SnCl4-ia 
(haerze mbolavi siTxeebia). GeJ4 narinjisferi myari nivTierebebia. isini 
pirdapiri urTierTqmedebiT miiReba martivi nivTierebebidan. 

 miRebulia GeS2, SnS2. 
   GeS2 miiReba Semdegi reaqciiT: 

GeCl4  +  2 H2S  →  GeS2   +  4 HCl   
 mJavuri bunebis GeS2 moqmedebs amoniumisa da tute metalebis 

sulfidebTan sulfomarilebis warmoqmniT: 
GeS2  + (NH4)2S →  (NH4)2GeS3   

 sulfogermanatebis Sesabamisi mJava aramdgradia, gamoyofisTanave 
iSleba: 

(NH4)2GeS3  +  2 HCl  →  H2GeS3  +  2 NH4Cl 
            ↓ 

            GeS2  +  H2S 
TeTri feris naleqi 

            SnS2-is miReba: 
SnCl4 + 2 H2S → SnS2  +  4 HCl 

        yviTeli 

 SnS2 aseve warmoqmnis Tiomarilebs: 
SnS2 +  (NH4)2S →  (NH4)2SnS3 

 miRebuli Tiomarilic iSleba mJaviT: 
(NH4)2SnS3 + 2 HCl → 2 NH4Cl + SnS2 + H2S   

 yviTeli feris SnS2 mozaikebis dasamzadeblad gamoiyeneba. 
 

gamoyeneba: germaniumi, upiratesad, naxevargamtarul da lazerul 
teqnologiaSi gamoiyeneba, kala da tyvia _ Senadnobebis dasamzadeblad. 
maTi metalorganuli naerTebi maRali biologiuri aqtiurobiT 
xasiaTdeba. 
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kala, rogorc malegirebeli metali, gamoiyeneba spilenZis bevr 
SenadnobSi. misi tyviasTan Senadnobi (50% Sn, 50% Pb) gamoiyeneba meta-
lebis mirCilvisaTvis. Sn-is da Pb-is Senadnobebidan mniSvnelovania tipo-
grafiuli Senadnobi: 84-62% Pb, 4-8% Sn, 10-25% Sb, 2-4% As.  

kala haerze Txeli oqsiduri afskiT aris dafaruli, romelsac 
damcavi moqmedeba axasiaTebs, aqedan gamomdinare, warmoebuli kalis 40% 
xmardeba rkinis im nakeTobebis dafarvas, romelsac Sexeba aqvs kvebis 
produqtebTan. kalis upiratesoba qimiurad mdgrad sxva metalebTan 
SedarebiT mdgomareobs mokalvis procesis siadvileSi da rac yvelaze 
mniSvnelovania, misi koroziis produqtebis janmrTelobisaTvis uvneb-
lobaSi. 

tyvia teqnikaSi farTod gamoyenebuli metalia. is gamoiyeneba kabele-
bisa da akumulatorebis warmoebaSi, agreTve sxvadasxva aparaturis mniS-
vnelovani nawilebis dasamzadeblad. is Sedis bevri Senadnobis Sedgeni-
lobaSi. tyvia kargad STanTqavs radioaqtiur gamosxivebas, amitom gamoi-
yeneba radioaqtiuri nivTierebebisagan dasacavad.  
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meeqvse Tavi 
 

perioduli sistemis III jgufis p-elementebi 
 

IIIAAjgufs miekuTvneba am jgufis tipuri elementebi _ bori (B) da 
alumini (Al), agreTve galiumis qvejgufis elementebi _ galiumi (Ga), 
indiumi (In) da Taliumi (Tl). maT gare garsis eleqtronuli konfiguracia 
identuri aqvT (ns2np1), rac maTi qimiuri Tvisebebis msgavsebas 
ganapirobebs.  

 

cxrili 12 
 

elementi eleqtronuli konfiguracia 
B 1s22s22p1 
Al 1s22s22p63s23p1 
Ga 1s22s22p63s23p63d104s24p1  
In  1s22s22p63s23p63d104s24p64d105s25p1 

Tl 1s22s22p63s23p63d104s24p64d104f145s25p65d106s26p1 
 

 

atomuri nomris zrdasTan erTad IIIA jgufis elementebis atomuri 
da ionuri radiusebi izrdeba, Sesabamisad mcirdeba ionizaciis energia. 
bori arametaluri bunebis elementia da TvisebebiT mniSvnelovnad 
gansxvavdeba am jgufis sxva elementebisagan; Al, Ga da In amfoteruli 
elementebia. atomuri nomris zrdasTan erTad am elementebis metaluri 
buneba Zlierdeba: Taliumi tipuri metaluri bunebis elementia. 

IIIA jgufis yvela elementi gascems 3 eleqtrons da avlens +3 Jang-
viT ricxvs (boris garda, romelmac SeiZleba gamoavlinos, rogorc +3 
(boranebi, boris naerTebi sxva arametalebTan, mag., halogenebTan, gogir-
dTan, azotTan, JangbadTan, boris mJavaSi, boraqsSi da sxv.), ise -3 J. r. 
(mag., zogierT metalTa boridSi). am qvejgufis zogierTi elementi, mag., 
Taliumi naerTebSi avlens +3 da +1 (mag., TlOH da Tl2O) Jangvis ricxvs. 
TaliumisaTvis mdgradia naerTebi, sadac misi Jangvis ricxvi +1-ia.  

IIIA jgufis elementebi warmoqmnis R2O3 tipis oqsidebs, Tumca, 
rogorc zemoT aRvniSneT, Taliums unari aqvs warmoqmnas fuZe bunebis 
oqsidic Tl2O. misi wyalxsnari tutea, magram NaOH-isa da KOH-gan gansxva-
vebiT TlOH 100ºC-ze gacxelebisas wyals kargavs Tl2O-is warmoqmniT: 

2TlOH → Tl2O + H2O 
aluminis, galiumis da indiumis oqsidebi (Al2O3, Ga2O3, In2O3) da hidr-

oqsidebi [Al(OH)3, Ga(OH)3 da In(OH)3], amfoteruli naerTebia, romlebic 
urTierTqmedeben  mJavebTan da tuteebTan Sesabamisi marilebis 
warmoqmniT. tuteebTan warmoqmnian anionur hidroqso-akvakompleqs 
naerTebs.  

atomuri nomris zrdasTan erTad gansxvavebulia IIIA jgufis 
elementebis fizikuri Tvisebebi. galiumi ufro daballRobadia, vidre 
indiumi da Taliumi. gansxvavebulia maTi simkvriveebi, Tbo- da eleqtro-
gamtaroba. maT unari aqvT sxvadasxva metalebTan warmoqmnan Senadnobebi 
(maT Soris, advilad lRobadi), romelTac mTeli rigi specifikuri 
Tvisebebi (mag., antikoroziuli) gaaCniaT. am jgufis elementebma _ Ga, In 
da Tl, kargi naxevargamtaruli Tvisebebis gamo, adgili daimkvidres 
naxevargamtarul teqnologiaSi, agreTve antikoroziuli damcavi 
safrebis warmoebaSi. zogierTi maTganis, mag., Tl-is, nawarmebi amJRavneben 
biologiur aqtiurobas. 
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6.1. bori 
 
 

bunebaSi gavrceleba. bori aRmoaCines g devim, J. gei-lusakma da l. 
tenarim  1808 wels. misi masuri wili dedamiwis qerqSi Seadgens 6•10-4%. 
Tavisufal mdgomareobaSi is gavrcelebulia ar aris. bors Seicavs 
bunebrivi poliboranuli mJavebi da misi marilebi. yvelaze gavrce-
lebuli mineralia Na2B4O7•10H2O (boraqsi), Na2B4O7•4H2O (kerniti) da H3BO3 
(sasolini). bori bunebaSi ori stabiluri izotopis, 10B (19,57%) da 
11B(80,43%), saxiT gvxvdeba. boris aseTi mcire raodenobiT gavrceleba, 
rac TiTqos msubuqi elementebisaTvis erTgvarad uCveuloa, dakavSi-
rebuli unda iyos misi birTvebis neitronebiT advilad gardaqmnis 
unarTan: 

10
5B + 10n → 42He + 73Li 

boris mier neitronebis STanTqmis unari gamoiyeneba birTvul energe-
tikaSi birTvuli procesebis Sesaneleblad, agreTve neitronuli gamos-
xivebisagan dasacavad.  

 
miReba: 
 

1. metaloTermuli meTodiT (bors misi oqsididan maRal temperatu-
raze magniumiT an aluminiT aRadgenen): 

B B2O3 + 3Mg → 2B + 3MgO 
2. boris halogenidebze (mag., BCl3) TuTiis moqmedebiT: 

2BCl3 + 3Zn → 2B + 3ZnCl2 

3. boris halogenidebis (BCl3, BBr3) maRaltemperturuli aRdgena mole-
kuluri wyalbadiT: 

2BX3 + 3H2 → 2B + 6HX (X = Cl, Br) 
4. boranebis Termuli daSliT miiReba sufTa bori: 

B2H6 → 2B + 3H2 
 

boris miReba misi ZiriTadi nedleulidan, boraqsidan SeiZleba 
Semdegi reaqciebiT: 

I. Na2B4O7 + H2SO4 + 5H2O → 4H3BO3 + Na2SO4 
II. 2H3BO3 → B2O3 + 3H2O 

III. B2O3 + 3Mg → 2B + 3MgO 

 
fizikuri Tvisebebi: bori warmoqmnis ramdenime alotropiul modi-

fikacias. maTTvis saerToa B12-is dajgufebebi, romelTac ikosaedrebis 
forma aqvT (ocdaorwaxnaga geometriuli sxeuli, naxazi 26).  

 

 
naxazi 26. B12-is Semadgenel atomTa ikosaedruli struqtura 

 

boris kristaluri modifikaciebi waroadgens Sav an muqi-moruxo 
feris naerTebs. kristaluri bori gamoirCeva maRali lRobis tempera-
turiT (2300ºC), didi simagriT (am mxriv is odnav CamorCeba almass) da 
mcire eleqtrogamtarobiT, romelic temperaturis gazrdiT umniSvnelod 
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icvleba. bori SeiZleba miRebul iqnas agreTve amorful mdgomareobaSi 
moyavisfro fxvnilis saxiT.  

qimiuri Tvisebebi: bori qimiurad inertul elementebs miekuTvneba. 
garkveul pirobebSi (maRal temperaturaze, fToris garda) is moqmedebs 
arametalebTan da metalebTan.  

1. 400-700ºC-ze bori iwvis Jangbadis areSi (mwvane aliT) oqsidis 
warmoqmniT: 

4B + 3O2 → 2B2O3 
2. bori urTierTqmedeba fTorTan (Cveulebriv pirobebSi) da sxva 

halogenebTan (gaxurebiT) boris halogenidebis warmoqmniT: 
2B + 3F2 → 2BF3 

                  2B + 3Cl2 → 2BCl3   
3. bori azotTan urTierTqmedebs 1200 ºC-ze maRal temperaturaze 

Sesabamisi nitridis warmoqmniT: 
2B + N2 → 2BN 

4. wyalbadTan bori uSualod ar urTierTqmedebs. boranebi warmoiqm-

neba s-elementebis boridebze (mag., MgB2 da sxv.) mJavebis moqmedebiT: 
6MgB2 + 12HCl → B4H10 + H2 + 8B + 6MgCl2 

boranebi miiReba BF3-ze natriumis hidridis moqmedebiT: 
2BF3 + 6NaH → B2H6 + 6NaF 

  

boranebi sxvadasxva tipis koordinaciul struqturebs warmoqmnis: 
 

H

H
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H

H

H
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H

H

B B

H

H

H

H

H

H

B
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H

H  
(B4H10) 

 

borwyalbadebi (boranebi) qimiurad Zlier aqtiuri naerTebia (Seada-
reT silanebs). boranebis umravlesoba haerze Tviaalebadia rasac axlavs  
didi raodenobiT siTbos gamoyofa, rac aRemateba bunebrivi airis wvis 
siTbos (∆H(B2H6) = 2025 kj/moli, ∆H(C2H4) = 1425 kj/moli). borSemcveli 
naerTebi, maRali Tbounarianobis gamo, gamoiyeneba raketul sawvavad.   

boranebi urTierTqmedeben spirtebTan, halogenebTan, halogenwyal-
badebTan: 

B2H6 + 6ROH → 2B(OR)3 + 6H2 
B2H6 + 6Cl2 → 2BCl3 + 6HCl 
B2H6 + HCl → B2H5Cl + H2 
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metalebTan bori mxolod specifikur pirobebSi urTierTqmedebs. 
sxvadasxva struqturisa da elementebis gansxvavebuli Tanafardobis 
mqone metalTa boridebis warmoiqmniT, rac damokidebulia reaqciis 
pirobebsa da metalis bunebaze. elementebis Tanafardoba xSirad 
gansxvavebulia maTi mosalodneli steqiometruli Tanafardobisagan. 
magaliTad, nikelis SemTxvevaSi warmoiqmneba − Ni2B; magniumis SemTxvevaSi 
− MgB2, qromis SemTxvevaSi − Cr4B da a.S. sxvadasxva tipis boridebSi 
SesaZlebelia warmoiqmnas B−B, Me−B, B−Me−Me−B da sxva kavSirebi 
oqtaedruli da ikosaedruli dajgufebebis Semcveli karkasebis 
warmoqmniT. 

d- da f-elementebis boridebis umravlesoba Termomdgradi da qimi-

urad medegia. s-elementebis boridebi qimiurad aqtiurebia. isini mJavebis 
moqmedebiT iSlebian boranebis warmoqmniT. 

bori maRal temperaturaze wylidan (orTqli) aZevebs wyalbads boris 
mJavis warmoqmniT: 

2B + 6H2O → 2H3BO3 + 3H2 
bori aRadgens zogierT arametals misi oqsididan: 

4B + 3SiO2 → 2B2O3 + 3Si 
 boris mier siliciumis “gamoZeveba” aixsneba B2O3-is warmoqmnis 

jibsis energiis maRali mniSvnelobiT (1178 kj/moli).   
bori urTierTqmedebs mJangav konc. mJavebTan (mag., azotmJava, gogird-

mJava, an azotmJavas da marilmJavas narevi, 1:3 (“mefis arayi”):  
B + 3HNO3 (konc.) → H3BO3 + 3NO2↑ 

    2B + 3H2SO4 (konc.) → 2H3BO3 + 3SO2↑ 
borze ar moqmedebs mJavebi, romelTa mJangav unars wyalbad-ionebi 

gansazRvravs (mag., fosformJava, marilmJava da sxv.).  
 

boris oqsidi da boris mJava: 
boris oqsidi tipuri mJava oqsidia. mas SeiZleba sxvadasxva forma 

hqondes. Cveulebriv, sufTa boris oqsidi ufero, gamWvirvale 
nivTierebaa. wyalTan urTierTqmedebs borismJavis warmoqmniT: 

B2O3 + 3H2O→ 2H3BO3 
boris anu orToboris mJava wyalSi mcired xsnadi kristaluri 

nivTierebaa. is susti mJavaa da mxolod erTi protonis moxleCiT diso-
cirdeba: 

H+ +  H2BO3
-H3BO3   

(meore safexuri praqtikulad ar midis) 
gacxelebisas boris mJava TandaTanobiT kargavs wyals Semdegi 

sqemis Sesabamisad: 
H3BO3 → HBO2 → H2B4O7 → B2O3 

                                                                                   metaboris tetraboris   
                                    mJava      mJava 
           

boris mJavas natriumis tutiT an karbonatiT ganeitralebisas warmo-
iqmneba natriumtetraborati, romelic wyalxsnarebidan dekahidratis 
(Na2B4O7 •10H2O, boraqsi) saxiT kristaldeba:  

4H3BO3 + 2NaOH → Na2B4O7 + 7H2O 
 

boris halogenidebi: boris halogenebidan, romlebic boris 
halogenebTan urTierTqmedebiT miiReba, praqtikuli TvalsazrisiT, 
yvelaze mniSvnelovania BF3, romelic gamoiyeneba zogierTi organuli 
reaqciis (mag., polimerizacia, fridel-kraftsis reaqcia) katalizatorad. 
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s
n = 3 p

aseve garkveuli gamoyeneba aqvs (maTi wyalbadiT aRdgeniT miiReba sufTa 
bori) BCl3 da BBr3. boris halogenSemcveli nawarmebia agreTve tetrafTor-
boratebi, romlebic Zlieri mJavis HBF4-is marilebia. aRniSnuli mJava 
mxolod wyalxsnarSi arsebobs. miiReba H3BO3-ze mlRobi mJavis, HF-is 
moqmedebiT: 

H3BO3 + 4HF → BF4⎯ + H3O+ + 2H2O 
mravalgvaria misi marilebi, tetraborfToratebi. boris kompleqsuri 

naerTebidan sayuradReboa agreTve tetrahidroboratebi _ LiBH4, NaBH4). 
tetrahidroboratebi Zlieri aRmdgenebia, gamoiyeneba sxvadasxva sinTe-
zebSi, mag., diboranebis da tute metalebis tetraboratebis misaRebad: 

NaBH4 + 4BF3 → 2B2H6 + 3 NaBF4 
NaBH4 agreTve gamoiyeneba organuli karboniluri naerTebis (aldehi-

debi da ketonebi) hidrirebis katalizatorad. 
 

boris da misi naerTebis gamoyeneba: bori mcire raodenobiT Sedis 
bevri Senadnobis SemadgenlobaSi. es Senadnobebi xasiaTdebian maRali 
koroziamedegobiT, meqanikuri simtkiciT da TermomdgradobiT (mag., 
foladebi). boris binaruli naerTebidan saintereso Tvisebebi gaaCnia 
boris nitrids (BN), romelic gamoirCeva didi simagriT (is odnav 
CamorCeba almass) da koroziamedegobiT. boris nitridi Termomdgra-
dobiT da meqanikuri simtkiciT aRemateba almass. mas aseve iyeneben 
zogierT metalTa zedapirebis meqanikuri simtkicis da antikoroziuli 
medegobis gasazrdelad. boris nitrids, misi am Tvisebebis gamo, iyeneben 
saxexi (abreziuli) masalebis dasamzadeblad, romlis daxmarebiT axdenen 
metalebis, mineralebis da keramikis damuSavebas. teqnikaSi aseve gamoi-
yeneba didi simagris mqone boris karbidi _ B4C. boris oqsidi (B2O3) gamoi-
yeneba specialuri minis warmoebaSi. borisMmJava da boraqsi gamoiyeneba 
minis, cementis, saRebrebis, sarecxi saSualebebis dasamzadeblad, xolo 
perboratebi maTeTreblebad. borisMmJava (bormJava) amave dros antisepti-
kuri niTierebaa. boris naerTebis bazaze Rebuloben mravalferovan 
organul, elementorganul da polimerul naerTebs. 

 
 

6.2. alumini  
 

alumini moTavsebulia perioduli sistemis IIIA jgufSi. igi p-
elementia. aluminis atomuri radiusi mniSvnelovnad aRemateba borisas, 
amitom aluminSi gazrdilia metaluri Tvisebebi. alumini metalia, magram 
amfoteruli. aseve amfoterulia misi oqsidi da hidroqsidic. alumini 
naerTebSi avlens +3 JangviT ricxvs, xolo kompleqsnaerTebSi misi 
koordinaciuli ricxvebia 6 da 4. borisagan gansxvavebiT alumini 
anionurTan erTad kationur kompleqsebsac warmoqmnis.  

aluminis atomis eleqtronuli konfiguracia da savalento 
orbitalebis eleqtronul-grafikuli formula: 

 

                         [Ne] 3s23p1                                                                         

                                                                                                                                                           d     
 

alumini bunebaSi gavrcelebulia erTi stabiluri izotopis (27Al) 
saxiT. is dedamiwis qerqSi erT-erTi farTod gavrcelebuli elementia 
(6,6 mas. %). gavrcelebis mxriv mas Jangbadis da siliciumis Semdeg mesame 
adgili ukavia. alumini bunebaSi mxolod naerTebis saxiT gvxvdeba. misi 
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ZiriTadi mineralebia boqsitebi (Al2O3•nH2O), korundi (Al2O3), krioliTi 
(Na3AlF6). alumini aseve Sedis aluminsilikatebis mindvris Spatebi _   
K2O•Al2O3•6SiO2 (orToklazi), nefelinebi – Na2O•Al2O3•2SiO2 da K2O•Al2O3•2SiO2, 
kaolini – Al2O3•2SiO2•2H2O da sxv. SedgenilobaSi. 

 

miReba: teqnikaSi alumins boqsitebidan gamoyofili aluminis oqsi-
dis eleqtroliziT Rebuloben. Al2O3-is Zneladdnobadobis gamo (lR.t. 
2050ºC) atareben krioliTSi gaxsnili Al2O3-is eleqtrolizs. krioliTi 
adviladlRobadia, misi nalRobi kargad xsnis Al2O3-s da mas eleqtro-
gamtarobasac aniWebs.   

savaraudoa, rom Al2O3 maRal temperaturaze ganicdis disociacias 
Semdegi sqemiT: 

Al2O3 Al3+ +  AlO3
3-

 
katodze aRdgeba Al3+-ionebi: Al3+ + 3e → Al 
anodze ki iJangeba AlO3

3⎯-ionebi: 4AlO3
3⎯ – 12e → 2Al2O3 + 3O2 

dasaSvebia aseTi procesebis mimdinareobac: 
Na3AlF6 →  3NaF + AlF3 

AlF3 → Al3+  +  3F- 
katodze isev Al3+-kationebi aRdgeba: Al3+ + 3e → Al 
xolo anodze F--ionebi daiJangeba: 3F- – 3e → 3/2 F2 
gamoyofili fTori reaqciaSi Sedis Al2O3-Tan Semdegi sqemiT: 

Al2O3 + 3F → 3/2 O2   +  2AlF3 
rogorc Cans amiT saboloo Sedegi ar icvleba. 
 

fizikuri Tvisebebi: martivi nivTierebis saxiT alumini mover-
cxlisfro-TeTri metalia. is msubuq metalebs miekuTvneba (simkvrive 2,7 
g/sm3). alumini kristaldeba waxnagcentrirebuli kuburi struqturis 
saxiT. misi lRobis temperatura maRali ar aris (660ºC). xasiaTdeba Sesa-
niSnavi plastiurobiT. iglineba Zalze Txeli kilitis (0,0005 mm sisqis) 
da TiTqmis nebismieri diametris mavTulis saxiT. aqvs maRali eleqtro- 
(spilenZis eleqtrogamtarobis daaxloebiT 67%) da siTbogamtaroba.  
 

qimiuri Tvisebebi: alumini zedapiri Cveulebriv pirobebSi dafa-
rulia mtkice Txeli (0,00001 mm) oqsiduri afskiT, romelic mas haerisa 
da wylis moqmedebisgan icavs. wyalTan alumini reaqciaSi amalgamirebul 
(vercxliswylTan Senadnobi, romelic damcav afsks ver ikeTebs) 
mdgomareobaSi an im SemTxvevaSi Sedis, Tu misi oqsiduri afski 
meqanikurad dazianebulia.   

2Al + 6H2O → Al(OH)3 + 3H2↑ 
maRal temperaturaze metaluri alumini Slis wylis orTqls: 

2Al + 3H2O → Al2O3 + 3H2↑ 
aluminis burbuSela an fxvnili alSi Setanisas iwvis sinaTlisa da 

siTbos gamoyofiT: 
2Al + 3O2 → Al2O3 

alumins gansakuTrebuli swrafva aqvs Jangbadisadmi, Al2O3-is war-
moqmnis jibsis enTalpia -1582 kj/molis tolia. amis gamo, metaluri 
alumini oqsidebidan aRadgens bevr metals (aluminTermia) didi 
raodenobiT siTbos gamoyofiT (∆H=1676 kj/moli). am meTodis gamoyenebiT 
miiReba rkina, kalciumi, qromi da sxv.: 

8Al + 3Fe3O4 → 9Fe + 4Al2O3 
reaqciis Sedegad temperatura 2000-3000ºC-s aRwevs, rac sxvadasxva 

teqnikur procesebSi (magaliTad, metalebis Sednoba da sxv.) gamoiyeneba. 
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25% Fe3O4 da 75% aluminis fxvnilis narevs Termits uwodeben. es 
narevi gamoiyeneba metalTa sxvadasxva nalkeTobebis avtogenuri SeduRe-
bisaTvis. alumini maRal temperaturaze arametalebsac aRadgens maTi 
oqsidebidan (SO2, NO2, CO2 da a. S.)  

wiTlad gavarvarebamde gaxurebuli alumini (mavTulis an fxvnilis 
saxiT) reaqciaSi Sedis halogenebTan Sesabamisi halogenidebis 
warmoqmniT: 

2Al + 3Cl2 → 2AlCl3 
2Al + 3Br2 → 2AlBr3 

aRsaniSnavia, rom aluminis reaqcia bromTan ufro energiulad 
mimdinareobs, vidre qlorTan, rac bromis Txevad mdgomareobasTan (amiT 
koncentraciis gazrda) aris dakavSirebuli. 700-20000C-is intervalSi 
alumini reaqciaSi Sedis sxvadasxva arametalebTan (S, N2, C) Al2S3, AlN da 
Al4C3 warmoqmniT. es naerTebi wyliT energiulad iSlebian: 

Al2S3 + 6H2O → 2Al(OH)3 + 3H2S 
2AlN + 6H2O → 2Al(OH)3 + 2NH3 

Al4C3 + 12H2O → 4Al(OH)3 + 3CH4 
miuxedavad sakmaod maRali qimiuri aqtiurobisa, alumini wyalbads 

uSualod ar uerTdeba.  
mJavebisadmi aluminis damokidebuleba aseTia: civi koncentrirebuli 

azotmJava da gogirdmJava mas apasiurebs, zedapiri ifareba damcavi 
afskiT, ris gamoc Cveulebriv pirobebSi es mJavebi aluminTan reaqciaSi 
ar Sedian da maTi gadatana da Senaxva aluminis WurWliT SeiZleba. 

alumini gacxelebisas  aRniSnul mJavebTan urTierTqmedebs: 
Al + 6HNO3 (konc.) → Al (NO3)3 + 3NO2 + 3H2O 
2Al + 6H2SO4 (konc.) → Al2(SO4)3 + 3SO2 + 6H2O 

alumini advilad ixsneba ganzavebul mineralur mJavebSi: 
Al + 3HCl → AlCl3 + 1,5H2↑ 

            2Al + 3H2SO4 → Al2(SO4)3 + 3H2↑ 
wyalxsnarebSi aluminis ionebi − Al3+ (mag., AlCl3-is wyalxsnarSi) 

warmoqmnis mJava bunebis aluminis oqtaedrul akvakompleqsebs [Al (H2O)6]3+
. 

arapolarul gamxsnelebSi an aqrolebisas AlCl3  arsebobs dimeris 
(Al2Cl6) saxiT: 

 
sqema 8. alumin(III)-is qloridis dimeris struqtura 

 

amJRavnebs ra amfoterul bunebas, alumini energiulad ixsneba aseve 
tuteebis wyalxsnarebSi aluminis anionuri oqtaedruli tetrahidroqso-
diakvakompleqsebis warmoqmniT:  

2Al + 2MOH + 10H2O → 2M[Al (OH)4(OH2)2] + 3H2↑ 
 

aluminis kompleqsnaerTebi warmoiqmneba agreTve tute metalTa hid-
ridebis aluminis qloridTan urTierTqmedebiT: 

 

4MH + AlCl3 → MAlH4 + 3MCl 
aluminis kompleqsnaerTebs miekuTvneba agreTve fToris da qloris 

Semcveli oqtaedruli kompleqsebi (magaliTad, Na3AlF6) da bromisa da 
iodis tetraedruli kompleqsebi. 
 

metaluri aluminis gamoyeneba: metaluri alumini farTod gamoi-
yeneba yofa-cxovrebaSi, kvebis produqtebis SesafuTi folgisa da 
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eleqtrosadenebis dasamzadeblad. metaluri alumini Zalian bevr metal-
Tan warmoqmnis specifikuri Tvisebebis Senadnobebs. cnobilia aluminis 
binaruli Senadnobebis oTxi ZiriTadi tipi: Al-Si, Al-Cu, Al-Mg da Al-Zn. 
isini gamoirCeva simsubuqiT da maRali meqanikuri simtkiciT, antioqsi-
danturi TvisebebiT da tenmedegobiT. magaliTad, duralumini [aluminis 
(94%) Senadnobi spilenZTan (4%), manganumTan, magniumTan, rkinasTan da 
siliciumTan (0,5% TiToeuli)], silumini (Al − 85-90%, Si − 10-14%, Na − 0,1%), 
magnalumini (Senadnobi magniumTan da sxva metalebTan). aluminis Senad-
nobebi warmatebiT gamoiyeneba saaviacio teqnikaSi, manqanaT- da gemTmSe-
neblobaSi. alumini aseve gamoiyeneba, rogorc malegirebeli  danamati 
SenadnobebisaTvis maRali siTbomdgradobis misaniWeblad. aluminis 
pudrisagan mineralur zeTSi narevis saxiT amzadeben metalTa 
nakeTobebis damcav antikoroziul TeTr saRebavs. 
 

aluminis naerTebi: aluminis binaruli naerTebi (Al2O3, AlF3, AlCl3, AlH3, 
AlN, Al2S3) polimerebia.  

aluminis oqsidi Al2O3 ZneladlRobadi, TeTri, wyalSi uxsnadi fxvni-
lia. arsebobs ramdenime modifikaciis saxiT: α-Al2O3 (bunebaSi gavr-
celebulia mineral korundis, lalis (minarevis saxiT Seicavs Cr(III)-s) 
da safironis (Seicavs Ti(III)-is da Fe(III)-is minarevebs) saxiT. β-Al2O3 da γ-
Al2O3. Cveulebriv pirobebSi maTgan yvelaze mdgradia α-modifikacia, 
romelic Al−O−Al bmis didi simtkiciT da kristaluri struqturis didi 
simkvriviT gamoirCeva. is gamoirCeva maRali TermomdgradobiT, mJava- da 
tutemedegobiT. 

 Al2O3 tipuri amfoteruli oqsidia. rogorc mJava oqsidi, moqmedebs 
tutesTan, tute metalebis karbonatebTan, hidrosulfatTan da pirosul-
fatTan myar mdgomareobaSi narevis gacxelebiT: 

Al2O3+ 2NaOH → 2NaAlO2 + 3H2O 
Al2O3+ Na2CO3 → 2NaAlO2 + CO2 

Al2O3+ 6KHSO4 → Al2(SO4)3 + 3K2SO4 + 3H2O 
Al2O3+ 3K2S2O7 → Al2(SO4)3  + 3K2SO4 

tutis wyalxsnaris moqmedebisas ki kompleqsuri naerTi miiReba: 
Al2O3 + 2NaOH + 7H2O → 2Na[Al(OH)4 (H2O)2] 

uwylo metaaluminatebi miiReba agreTve Al2O3-is SelRobiT M2O da 
MO tipis oqsidebTan: 

CaO + Al2O3  → Ca(AlO2)2 
aluminis oqsidi urTierTqmedebs mlRob mJavasTan (SeadareT SiO2-s) 

aluminfToridis warmoqmniT: 
Al2O3 + 6HF  → 2AlF3  + 3H2O 

Al2O3 ZiriTadad, gamoiyeneba aluminis misaRebad, svetis da Txel-
fenovan qromatografiaSi. 

aluminis hidroqsidi − Al(OH)3 polimeruli naerTia. misi struqtura 
warmodgenilia nax. 28-ze.  

Al(OH)3 amfoteruli hidroqsidia, mas marilebze tutis moqmedebiT 
Rebuloben (umjobesia NH4OH-is gamoyeneba). rogorc amfoteruli hidroq-
sidi,  Al(OH)3 urTierTqmedebs rogorc mJavebTan, ise tuteebTan. mJavebTan 
warmoqmnis aluminis, rogorc metalis marilebs, xolo tuteebTan, 
pirobebis mixedviT, tetrahidroqso- [Al(OH)4]- da tetrahidroqsodiakva-
kompleqsebs  [Al(OH)4(OH2)2]- : 

NaOH + Al(OH)3 → Na[Al(OH)4] 

2NaOH  + 2Al(OH)3 + 4H2O → 2Na[Al (OH)4(OH2)2]  
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naxazi 27. aluminis hidroqsidis polimeruli struqtura 
 

 

aluminis marilebi: aluminis marilebidan gansakuTrebuli praqti-
kuli mniSvneloba aqvs halogenidebs (AlF3 da AlCl3), sulfats − Al2(SO4)3  

da Sabs − KAl(SO4)2•12H2O. uwylo AlF3 da AlCl3 gamoiyeneba zogierTi reaq-
ciis katalizatorebad (aromatuli naxSirwyalbadebis benzolis birTvSi 
Canacvlebis reaqciebSi, ujeri monomerebis polimerizaciaSi da a.S.). Sabi 
gamoiyeneba mRvrie wylis dasawmendad (simRvrivisagan mosacileblad), 
agreTve antiseptikur saSualebad. katalizatorebad gamoiyeneba 
(karboniluri organuli naerTebis hidrireba) agreTve aluminis anionuri 
kompleqsnaerTi − liTiumaluminhidridi − Li[AlH4] (miiReba LiH-is moqmede-
biT AlH3-ze. aluminis hidridi maRalmolekulur, Termulad umdgrad 
naerTs warmoadgens, gamoiyeneba agreTve trieTilaluminis misaRebad) . 

saintereso struqtura da Tvisebebi aqvT tutemetalTa fTor--
aluminatebs, romlebic polimeruli fToraluminis mJavebidan warmo-
iqmneba. maTgan gansakuTrebuli praqtikuli gamoyeneba hpova natriumis 
heqsafToraluminatma (Na3AlF6 − krioliTi), romelic eleqtroqimiuri 
xerxiT aluminis misaRebad gamoiyeneba. Na3AlF6 sinTezis gziT miiReba 
aluminis  hidroqsidze mlRobi mJavis (HF) da natriumis karbonatis 
moqmedebiT: 

 

2Al(OH)3 + 12HF + 3Na2CO3 → 2Na3AlF6 + 3CO2 + 9H2O 
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meSvide Tavi 
 

perioduli sistemis II jgufis s-elementebi 
 

IIA jgufis elementebs miekuTvneba: beriliumi (Be), magniumi (Mg), 
kalciumi (Ca), stronciumi (Sr), bariumi (Ba) da radiumi (Ra). am SemTxvevaSic 
atomuri nomris zrdasTan erTad izrdeba ra atomuri radiusebi, 
Sesabamisad mcirdeba ionizaciis energiebi (cxr. 13) da Zlierdeba meta-
luri Tvisebebi.  

 

cxrili 13 
 

elementi atomuri radiusebi, 
nm 

ionizaciis energiebi, 
e.v. 

Be 0,113 9,32 
Mg 0,160 7,65 
Ca 0,157 6,11 
Sr 0,215 5,69 
Ba 0,221 5,21 
Ra 0,235 5,28 

 
maTi savalento Sris eleqtronuli konfiguracia normalur da 

aRgznebul mdgomareobaSi aseTia: 
ns2 → ns1np1 

aqedan gamomdinare, maTi valentoba oris tolia da naerTebSi 
JangviTi ricxvi +2-ia. maTi savalento eleqtronebi, rogorc Cans, ara-
eqvivalenturia, xolo maT mier warmoqmnili bmebi energiiTa da sxva 
TvisebebiT erTnairia. es adasturebs savalento orbitalebis hibridi-
zacias, ris Sedegadac miRebuli ori hibriduli 180º-iani kuTxiT 
ganziduli orbitalebi amave mimarTulebiT or erTnair bmas warmoqmnis, 
ris gamoc miRebul molekulebs wrfivi forma aqvT.  

 
 

7.1. beriliumi 
 

beriliums am jgufis sxva s-elementebTan SedarebiT maRali ioni-
zaciis energia axasiaTebs. igi aluminis diagonaluri analogia da 
warmoadgens amfoterul metals. mas axasiaTebs rogorc kationuri, ise 
anionuri kompleqsuri ionebis warmoqmnis unari. misTvis damaxasiaTebeli 
koordinaciuli ricxvi 4-is tolia (hibridizacia sp3). dedamiwis qerqi mas 
Seicavs mdgradi izotopis 9

4Be-is saxiT. misi mniSvnelovani mineralia 
berili Be3Al2(SiO3)6 da Be2SiO4. bunebaSi gavrcelebulia berilis 
saxesxvaobebi: minarevebiT Seferili gamWirvale kristalebi _ cisferi 
aqvamarini, mwvane zurmuxti da a.S., romlebic Zvirfasi qvebia. 

 

Tvisebebi: beriliumi monacrisfero metalia (aRmoaCina frangma l. 
voklenma 1798 wels) aqvs mWidro heqsagonaluri kristaluri struqtura. 
magari da myifea. haerze aluminis msgavsad damcavi oqsiduri afskiT 
aris dafaruli, romelic amcirebs mis qimiur aqtivobas. Cveulebriv 
temperaturaze da susti gacxelebis pirobebSi moqmedebs halogenebTan, 
iwvis JangbadSi da haerSi, gacxelebiT moqmedebs gogirdTan da azotTan. 
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oqsiduri afskis arsebobis gamo (aluminis msgavsad) wyalTan reaqciaSi 
ar Sedis. rogorc amfoteruli metali, moqmedebs mJavasTan da tutesTan: 

Be + 2HCl + 4H2O → [Be(H2O)4]2+ + 2Cl- + H2↑ 
      Be + 2NaOH + 2H2O→2Na+ + [Be(OH)4]2- + H2↑ 

konc. HNO3 da konc. H2SO4 apasiurebs.  
Be-s Rebuloben BeCl2-is nalRobis eleqtroliziT (NaCl-s danamatiT 

300ºC-ze) an Be-is halogenidebis magniTermuli aRdgeniT. beriliumi 
gamoiyeneba SenadnobebSi rogorc danamati, romelic zrdis maT 
koroziul mdgradobas da simagres. aRsaniSnavia brinjao (2,5%-mde Be), 
romelic gamoiyeneba eleqtroteqnikaSi da TviTmfrinavebSi, aseve atomur 
energetikasa da saaviacio teqnikaSi. radiumis preparatebTan narevis 
saxiT gamoiyeneba rogorc neitronebis wyaro.  

 

beriliumis naerTebi: beriliumis araorganul naerTTa umravlesoba 
Cveulebriv pirobebSi TeTri feris polimerebia. mJave wyalxsnarebSi 
Be2+-ionebi imyofeba aqvakompleqsuri ionis [Be(H2O)4]2+-is saxiT, xolo 
Zlier tute xsnarebSi [Be(OH)4]2- saxiT. BeO oqsidi polimeruli naerTia 
jibsis energiis maRali mniSvnelobiT ∆Gº=-582 kkal/moli. qimiurad 
araaqtiuri ZneladlRobadi naerTia. gamoiyeneba, rogorc cecxlgamZle 
masala tigelebis da specialuri keramikis dasamzadeblad. mas zogjer 
umateben minis saxarS narevSic. BeO qimiuri bunebiT tipuri amfotruli 
oqsidia. is SelRobiT moqmedebs mJava da fuZe oqsidebTan. aseve mJaveebisa 
da Zlieri tuteebis wyalxsnarebTan Sesabamisi kompleqsnaerTebis 
warmoqmniT: 
                                                         BeO + CaO → CaBeO2 
                                                         BeO + SiO2 → BeSiO3 

                     BeO + 2HCl + 3H2O → [Be(H2O)4]Cl2 
                       BeO + 2NaOH + H2O → Na2[Be(OH)4] 

          Be(OH)2 _ polimeruli naerTia, wyalSi ar ixsneba. miiReba marilTa 
wyalxsnarebze tutis moqmedebiT. Be(OH)2 amfoteruli hidroqsidia:  

    BeCl2 + 2NaOH→2NaCl+Be(OH)2 
Be(OH)2+2H3O+→[Be(H2O)4]2+ 

        Be(OH)2 +2NaOH → Na2[Be(OH)4] 
mJava wyalxsnarebidan marilebi gamoiyofa kristalhidratebis saxiT: 

BeSO4•4H2O, BeCl2•4H2O.  
Be2+ ionebis maRali mapolarizebeli moqmedebis gamo misi marilebi 

advilad hidrolizdebian: 
[Be(H2O)4]2++H2O  Be(OH)(H2O)3]++H3O+ 

rac Seexeba hidroqsoberilatebs, xsarebSi maTi SenarCuneba tutis 
siWarbis pirobebSi xerxdeba, winaaRmdeg SemTxvevaSi isini srulad 
hidrolizdebian. wyalSi xsnadia mxolod pirveli jgufis s-elementebis 
berilatebi.  

beriliumis sulfidi (BeS) kristaluri nivTierebaa, miiReba pirda-
piri urTierTqmedebiT. cxeli wyliT bolomde hidrolizdeba. misi 
amfoteruli buneba fuZe da mJavuri bunebis sulfidebTan urTierTqmede-
baSi vlindeba:  

Na2S + BaS → Na2BeS2 
BeS + SiS2 → BeSiS3 

sulfidoberilatebi wyliT iSlebian. halogenidebidan mniSvnelo-
vania BeF2 da BeCl2. struqturiT isini SiO2-is analogebia. beriliumis 
halogenidebic amfoterulia, gansakuTrebiT fToridi:  

2KF + BeF2 → K2[BeF4] 
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BeF2 + SiF4 → Be[SiF6] 
     cnobilia beriliumis nitridi Be3N2. miiReba beriliumis gacxelebiT 
(1000ºC) azotis atmosferoSi. beriliumis nitridi wyliT advilad iSleba:  

Be3N2 + 6H2O→3Be(OH)2 + 2NH3↑ 
      aseve iSleba mJaviT:  

Be3N2 + 6HCl→3BeCl2 + 2NH3↑ 
BeH2 hidridi mxolod arapirdapiri gziT miiReba:  

BeCl2 + 2LiH→BeH2 + 2LiCl 
wyliT iSleba wyalbadis gamoyofiT, Zlieri aRmdgenia. berili-

umisaTvis damaxasiaTebelia ormagi marilebis warmoqmnis unari:   
Na2SO4 + BeSO4 → Na2[Be(SO4)2] 

(NH4)2CO3 + BeCO3 → (NH4)2[Be(CO3)2] 
  gamomdinare aqedan, wyalSi uxsnadi BeCO3 ixsneba pirveli jgufis 
elementebis an amoniumis karbonatis najer wyalxsnarSi. beriliumis 
naerTebi momwamlavia. 
 

 
7.2. magniumi 

 

    magniumis savalento eleqtronebis ricxvi periodis mezobel 
aluminTan SedarebiT naklebia, atomis radiusi ki ufro didi. amitom is 
ufro Zlierad avlens metalur Tvisebebs, vidre alumini da beriliumi. 
magniums naklebad axasiaTebs kovalenturi da ufro metad ionuri bmis 
warmoqmnis unari. is Tavisi TvisebebiT ufro axlos dgas kalciumTan da 
mis analogebTan. 
     magniumi (aRmoaCina hemfri devim 1808 wels) dedamiwaze erT-erTi 
farTod gavrcelebuli elementia. bunebaSi imyofeba sami stabiluri 
izotopis saxiT: 24Mg (78,6%), 25Mg (10.1%) da 26Mg (11.3%). miRebulia 
xelovnuri izotopebic. magniumi Sedis silikaturi mineralebis Semadgen-
lobaSi Mg2SiO4. magniumi gavrcelebulia karbonatuli mineralebis saxiT: 
dolomiti (CaCO3•MgCO3) da magneziti  (MgCO3). 
     teqnikuri TvalsazrisiT mniSvnelovania karnaliti KCl·MgCl2·6H2O. 
zRvis wyali Seicavs 0.38%-mde MgCl2-s da zogierTi tbis wyali _ 30%-mde. 
 

Tvisebebi: magniumi beriliumTan SedarebiT ufro Wedadi da msubuqia. 
sakmaod aqtiuri metalia. gacxelebiT moqmedebs JangbadTan, halo-
genebTan, gogirdTan, azotTan, naxSirbadTan, siliciumTan. e.i ara-
metalebis did nawilTan. teqnikaSi mis Senadnobebs didi gamoyeneba aqvs, 
isini gamoirCevian maRali simtkiciTa da simsubuqiT, amitom gamoiyeneba 
aqvT raketebisa da saaviacio mrewvelobaSi.  
      

miReba: magniums Rebuloben: 
a) MgCl2-is nalRobis eleqtroliziT. lRobis temperaturis Sesam-

cireblad gamosaval nivTierebas NaCl-s umateben.  
b) metaloTermia: dolomitis gamowviT miRebul MgO·CaO-s silici-

umiT aRadgenen.  
2(CaO· MgO) + Si → Ca2SiO4 + 2Mg 

     magniumi metalTaAZabvis eleqtroqimiur rigSi wyalbadamdea moTav-
sebuli. civ wyalTan Zalian nela moqmedebs, radgan warmoiqmneba cudad 
xsnadi  Mg(OH)2, romlis xsnadobac gacxelebisas izrdeba da Sesabamisad 
izrdeba magniumis wyalSi xxnadobac. mJavaSi magniumi Zalian kargad 
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ixsneba garda HF-isa da H3PO4-isa, romelTanac mciredxsnad naerTebs 
warmoqmnis. tutesTan parqtikulad ar moqmedebs.  
      

magniumis naerTebi: misi JangviTi ricxvi naerTebSi yovelTvis +2-is 
tolia, koordinaciuli ricxvi ki 6-is. marilebis umravlesoba wyalSi 
kargad ixsneba, garda zogierTi gamonaklisisa: MgF2, MgCO3, Mg3(PO4)2. 
     wyalxsnarebSi Mg2+-ionebi ufero akvakompleqsis saxiT aris 
[Mg(H2O)6]2+, xsnaridan magniumis marilebi kristalhidratebis saxiT 
gamoiyofa: MgCl3·6H2O, Mg(NO3)2 ·6H2O, Mg(ClO4)2·6H2O. 
          magniumis uwylo marilebi sakmaod higroskopulia, gansakuTrebiT 
Mg(ClO4)2, romelic airebis gasaSrobad gamoiyeneba. anionuri kompleqsebi 
mas ar axasiaTebs, magram warmoqmnis mravalricxovan ormag marilebs: 
CaCO3· MgCO3 _ dolomiti, Li3N · Mg3N2 da sxv.  
     MgO ZneladlRobadi nivTierebaa (lR.t. 2800OC). Rebuloben MgCO3-is 
gamowviT: 

MgCO3 → MgO + CO2 
           MgO fuZe oqsidia. rogorc fuZe oqsidi, moqmedebs mJava oqsidebTan 
(naxSirorJangTan), wyalTan (nela), advilad ixsneba mJavebSi. gaxurebis 
Semdeg kargavs qimiur aqtiurobas. 
        Mg(OH)2 wyalSi mcired xsnadi TeTri kristaluri nivTierebaa. saSu-
alo siZlieris fuZea. aZevebs amiaks amoniumis marilebidan: 

NH4Cl + Mg(OH)2 → MgCl2 + 2NH3+2H2O 
         gamoyenebis TvalsazrisiT mniSvnelovani naerTia MgCl2. mas praqti-
kulad Rebuloben MgO-is qlorirebiT naxSiris Tanaobisas: 

MgO + C + Cl2 → MgCl2 + CO 
an zRvis wylidan mopovebuli MgCl2·6H2O-s gauwyloebiT. mas, Ziri-

Tadad, iyeneben magniumis misaRebad da sorelis cementis dasamzadeblad.  
     wyalbads magniumi uSualod ar uerTdeba, magram misi hidridi 
arsebobs, igi arapirdapiri gziT miiReba. MgH2 AlH3-Tan da BeH2-Tan 
SedarebiT gacilebiT ionuri naerTia, myari, araaqroladi, Termulad 
gacilebiT mdgradia, vidre BeH2 da Al H3. 

 

 
 

7.3. kalciumis qvejgufi 
 

kalciumi da misi analogebi: kalciums (Ca), stronciums (Sr), bariums 
(Ba) da radiums (Ra) aqvT gacilebiT didi atomuri radiusi da dabali 
ionizaciis energia, vidre beriliumsa da magniums. isini qimiuri 
reaqciebis dros advilad kargaven savalento ns2 eleqtronebs da 
warmoqmnian (+2) muxtian ionebs. didi atomuri radiusis gamo maTi 
atomebis mapolarizebeli moqmedeba sustia, amitom araorganul 
ligandebTan maTi kompleqsebi aramdgradia. 
    kalciumi bunebaSi erT-erTi farTod gavrcelebuli elementia. is 
aRmoaCina hemfri devim 1808 wels. kalciumi Sedis silikatebis da 
alumosilikatebis SemadgenlobaSi. SedarebiT farTod aris gavrcele-
buli kirqvis, carcis (CaCO3) da iSviaTad marmarilos saxiT. sakmaod 
gavrcelebulia anhidriti (CaSO4) da TabaSiri (CaSO4·2H2O), fluoriti 
(CaF2), apatiti [Ca5(PO4)3 (F, Cl an OH)] da sxv.  
    kalciumis naerTebs Seicavs bunebrivi wylebi, romlebic mas sixistes 
aniWebs. 
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    stronciumis mniSvnelovani mineralia SrCO3 – stroncianiti, SrSO4 _ 
celestini. bariumis _ BaCO3 (viteriti), BaSO4 _ bariti. radiums Seicavs 
uranis mineralebi.  
    kalciumis qvejgufis elementebi movercxlisfro-TeTria. haerze 
moyviTalo afsks ikeTeben. isini aqtiur arametalebTan Cveulebriv 
temperaturaze moqmedeben, xolo _ H2, N2, C, Si-Tan maRal temperaturaze. 
wyalTan ki Cveulebriv temperaturaze Sedian reaqciaSi. am reaqciebSi 
metalTa aqtiuroba izrdeba rigSi Ca < Sr < Ba. didi qimiuri aqtiurobis 
gamo tutemiwaTa metalebsac navTis qveS inaxaven.  
    kalciums misi qloridis nalRobis eleqtroliziT Rebuloben. 
bariums da stronciums maTi oqsidebidan aluminoTermiiT. CaO – Caumqra-
li kiri, BaO, SrO-s Rebuloben karbonatebis an nitratebis Termuli 
daSliT: 

CaCO3 → CaO+CO2; 
                    2Ba(NO3)3 → 2BaO + 4NO2 + O2 

        CaO samrewvelo miRebis xerxia kirqvis gamowva.  
    aRniSnuli oqsidebi wyalTan moqmedebisas Sesabamis tuteebs 
warmoqmnian reaqciebs didi raodenobis energiis gamoyofa axlavs. 
Ca(OH)2-Sr(OH)2-Ba(OH)2 – am mimarTulebiT tuteebis wyalSi xsnadoba 
izrdeba. SedarebiT naklebad xsnadi maT Soris Ca(OH)2-ia. aRniSnuli 
mimarTulebiT tuteebis siZliere da Termuli mdgradobac izrdeba. 
aRniSnul naerTebs tutis yvela Tviseba aqvT, moqmedeben mJava 
oqsidebTan, mJavebTan da marilebTan. maTi naerTebi (EHal2, ESO4, E(NO3)2, 
ESiF6 da sxv.) hidrolizs ar ganicdian,        zogierTi maTgani ki qmnis tute 
ares: 

EH2 +2H2O  → E(OH)2 + H2 
E3N2 + 6H2O → 3E(OH)2 + 2NH3 

kalciumis kationuri kompleqsnaerTebidan mniSvnelovania 
[Ca(H2O)6]Cl2 anu CaCl2·6H2O. kristalhidratebis warmoqmnisadmi midreki-
lebiT aixsneba maTi naerTebis higroskopuloba. magaliTad, kalciumis 
qloridi gamoiyeneba, rogorc gamSrobi saSualeba.  
     kalciumisa da misi analogebis didi aqtiurobiT aixsneba mraval-
ricxovani zeJanguri naerTebis warmoqmnis unari. peroqsidebi EO2, 
zeperoqsidebi E(O2)2,  persulfidebi ESn (n = 2-5), perkarbidebi EC2, rigSi 
Ca, Sr, Ba – am naerTebis mdgradoba izrdeba.  
    gansakuTrebiT mniSvnelovania kalciumis naerTebi cementis, kiris, 
TabaSiris, fosfatis da karbidis saxiT. 
 

    cementi da misi Sedgeniloba. cementi warmoadgens araorganul mWid 
kompozicias. ZiriTadad warmoadgens kalciumis silikats da aluminats, 
e.i. cementis SemadgenlobaSi Sedis siliciumi da alumini, romlebic 
araorganul heterojaWvur polimerebs qmnian, romelTa struqturaSi 
meordeba _ Si - O –Si -   da _Al- O – Al - bmebi. 
    silikatebisa da aluminatebis Semcvelobis Tanafardobis mixedviT 
ganasxvaveben silikatur cements (portlandcementi) da aluminatur 
cements (Tixamiwovani). 
    cements Rebuloben specialur RumelebSi kirqvisa da SiO2-iT mdidari 
Tixis narevis gacxelebiT 1400-1600OC-is farglebSi. cementis fxvnilis 
wyalTan narevi warmoadgens comisebur masas, romelic TandaTan 
myardeba. cementis miRebisas kirqva, moqmedebs ra TixasTan, warmoqmnis 
aluminatebs da silikatebs da gamoiyofa CO2: 

CaCO3 + SiO2 → CaSiO3 + CO2 
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   CaCO3 +Al2O3 → Ca(AlO)2 + CO2 
         cementis xsnaris gamyarebisas mimdinareobs hidrataciisa da 
polikondensaciis rTuli procesebi. 
         2CaSO4·H2O gamomwvari TabaSiri anu alebastri. mas amzadeben 
TabaSiris gacxelebiT 150-190OC-is farglebSi. 2CaSO4·H2O-is wyalTan 
Serevisas mimdinareobs warTmeuli wylis dabruneba, rasac moyveba mTeli 
masis gamyareba.  

2[CaSO4 ·0.5H2O] + 3H2O → 2[CaSO4· 2H2O ] 
am reaqciazea damyarebuli naxevarwyliani TabaSiris gamyareba 

samSeneblo saqmeSi. 
    mSeneblobaSi gamoiyeneba agreTve Camqrali kiris narevi silasTan da 
wyalTan (kiriani xsnari). es xsnari magrdeba Ca(OH)2-is haeris naxSiror-
JangTan da `silis~ Semadgenel SiO2-Tan reaqciebis Sedegad: 

Ca(OH)2 + CO2 → CaCO3 + H2O 
Ca(OH)2 + SiO2 → CaSiO3 + H2O 

                    orive reaqciis Sedegad wyali gamoiyofa, aqedan gamomdinare am 
xsnaris gamoyenebis SemTxvevaSi, axladaSenebuli saxlebi didxans 
inarCunebs sinestes. 
     wylis sixiste. kalciumisa da magniumis marilebis Semcveloba 
bunebriv wyals sixistes aniWebs. kirqvis fenebTan CO2-iani wylis 
Sexebisas adgili aqvs karbonatebis hidrokarbonatebad gardaqmnas, 
romlebic wyalSi kargad ixsnebian: 

CaCO3 + CO2 + H2O → Ca(HCO3)2   
MgCO3 + CO2 + H2O → Mg(HCO3)2 

aRniSnuli reaqciebi ganapirobebs bunebriv wylebSi kalciumisa da 
magniumis hidrokarbonatebis arsebobas. ganasxvaveben droebiT da mudmiv 
sixistes. gardamaval anu droebiT sixistes wyals kalciumisa da 
magniumis hidrokarbonatebi aniWebs, mudmivs ki _ sulfatebi da 
qloridebi.  
     gardamavali anu droebiTi sixistis Tavidan acileba wylis 
duRiliTac xerxdeba: 

Ca(HCO3)2  → CaCO3 + CO2 + H2O 
  Mg(HCO3)2 → MgCO3 + CO2 + H2O 

         qimiuri saSualebiT wylis darbileba damyarebulia Ca2+ da Mg2+ 
uxsnad naerTebad gardaqmnaze, rac xerxdeba wyalSi iseTi ionebis 
SeyvaniT (CO3

2-, PO4
3-, OH-), romlebic Ca2+ da Mg2+ ionebTan uxsnad naerTebs 

warmoqmnis. am mizniT gamoiyeneba soda, potaSi, Camqrali kiri, natriumis 
fosfati da a.S.: 

CaSO4 + Na2CO3 → CaCO3 + Na2SO4 
     Ca(HCO3)2 + Ca(OH)2 → 2CaCO3 + H2O 

      MgSO4 + Ca(OH)2 → Mg (OH)2 + CaSO4 
         teqnikaSi wylis dasarbileblad yvelaze iafi saSualebaa ionitebis 
gamoyeneba. mimdinare procesi SeiZleba Semdegi sqemiT warmovadginoT: 
 

Na2R + Ca(HCO3)2 → 2NaHCO3 + CaR 
 

Na2R + CaSO4 → CaR + Na2SO4 
 

sadac, R _ rTuli alumosilikaturi anionia _ [Al2Si2O8 · nH2O]2- 
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merve Tavi 
 

perioduli sistemis I jgufis s-elementebi 

tute metalebi 

 

IA jgufis metalebs miekuTvneba: liTiumi (Li), natriumi (Na), kaliumi 
(K), rubidiumi (Ru), ceziumi (Cs) da franciumi (Fr). isini s-elementebia. maTi 
gare garsis eleqtronuli konfiguraciaa  ns1. maTTvis damaxasiaTebelia 
mkveTrad gamovlenili metaluri buneba, rac ionizaciis I energiis Zalze 
dabali mniSvnelobiT aixsneba. jgufSi atomuri nomris zrdasTan erTad 
izrdeba atomisa da ionis radiusebi. (liTiumisTvis atomuri radiusi 
0,155 nm-ia, natriumisTvis, kaliumisTvis, rubibidiumisa da ceziumisTvis 
atomuri radiusebis mniSvnelobebi Sesabamisad udris 0,189 nm, 0,236 nm, 
0,248 nm, 0,280 nm). aseve kanonzomierad icvleba ionuri radiusebis (0,068 
nm, 0,098 nm, 0,133 nm, 0,149 nm, 0,165 nm, 0,175 nm) da ionizaciis I energiis 
mniSvnelobebi (5,39 ev, 5,14 ev, 4,34 ev, 4,18 ev, 3,89 ev, 3,98 ev). rac Tavis 
mxriv, IA jgufSi, atomuri nomris zrdis mimarTulebiT elementis 
metaluri bunebis gaZlierebas ganapirobebs. am jgufis elementebis 
hidroqsidebi wyalSi xsnadi fuZeebi, e.i. tuteebia, saidanac 
gamomdinareobs maTi saxelwodeba _ tute metalebi. naerTebSi am 
metalebis JangviTi ricxvi yovelTvis +1-ia. polingis skalis mixedviT, am 
metalebis eleqtrouryofiToba yvela sxva elementebis eleqtro-
uaryofiTobaze naklebia.  

 

bunebaSi gavrceleba: IA jgufis (tute) metalebidan bunebaSi sakmaod 
gavrcelebulia liTiumi (0,02 %, aRmoaCina Svedma mecnierma iohan arfved-
sonma 1817), natriumi (2,6 %, aRmoaCina ingliselma mecnierma hemfri devim 
1807 wels) da kaliumi (2,4 %, aRmoaCina hemfri devim 1807 wels). maRali 
qimiuri aqtiurobis gamo bunebaSi isini mxolod naerTebis saxiT arian 
gavrcelebuli. liTiumi gavrcelebulia (ori bunebrivi izotopis 6Li-7,3 
% da 7Li-92,7 %) mineralebis spodumenis (LiAlSiO3)2, ambligonitis (LiAlPO4F) 
saxiT. natriumi gavrcelebulia sufris marilis (NaCl – galiti, 
qvamarili), glauberis marilis, mirabilitis (Na2SO4•10H2O, silvinitis 
(NaCl•KCl),  krioliTis (NaAlF4), mineral tronis (NaHCO3• Na2CO3 mcired), 
boraqsis Na2B4O7•10H2O, natriumis gvarjilis (NaNO3, Cile) da sxvaTa saxiT. 
kaliumi gavrcelebulia silvinitis, karnalitis (KCl•MgCl2•6H2O), kainitis 
(KCl•MgSO4•3H2O), kaliumis gvarjilis (KNO3, indoeTi) saxiT. rubidiumi 
da ceziumi gavrcelebulia kaliumis mineralebSi, xolo franciumi 
radioaqtiuria, stabiluri izotopebi ar gaaCnia. is aRmoCenilia uranis 
radioaqtiuri daSlis produqtebSi (1939 weli). 

 

IA jgufis metalebis atomebis eleqtronuli konfiguracia da  
SedarebiTi daxasiaTeba: IA jgufis elementebis gare garsis 
eleqtronuli konfiguraciis msgavseba maTi qimiuri Tvisebebis msgavsebas 
ganapirobebs. Tumca msgavsebasTan erTad liTiums sxva tute 
metalebisgan gansxvavebuli Tvisebebic aqvs. misi ionizaciis energia 
ufro maRalia da mTeli rigi TvisebebiT magniumis msgavsia (diagona-
luri msgavseba). misi karbonati da hidroqsidi (magniumis analogiuri 
naerTebis msgavsad) gaxurebiT iSleba: 

Li2CO3 →  Li2O + CO2 
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2LiOH →  Li2O + H2O 
maSin, roca NaOH da KOH gaxurebisas dauSlelad qroldeba. aseve 

gansxvavebulia misi wyalTan damokidebulebac. magniumis msgavsad, 
oTaxis temperaturaze (250C) wyalTan SedarebiT sustad reagirebs, Tumca 
is sakmaod aqtiuri liTonia Jangbadisa da azotis mimarT. haerze 
swrafad iJangeba, xolo azotTan yvela sxva nivTierebisagan gansxvavebiT 
oTaxis temperaturaze moqmedebs Sesabamisi nitridis (Li3N) warmoqmniT: 

4Li + O2 → 2 Li2O (muqi ruxi) 
6Li + N2 → 2Li3N (kaSkaSa wiTeli) 

 

liTiumi halogenebTan Cveulebriv pirobebSi moqmedebs Sesabamisi 
halogenidebis warmoqmniT: 

Li + X2 → 2LiX,   X = F, Cl, Br, J 
xolo wyalbads, gogirds da naxSirbads gaxurebiT uerTdeba. 

gavarvarebuli liTiumi CO2-Sic iwvis (magniumis msgavsad): 
4Li + CO2 → 2Li2O + C 

4Li + C→ 2Li4C 
2Li + S → Li2S   

danarCeni tute metalebi qimiuri TvisebebiT (wyalTan da azotTan 
urTierTqmedebis garda) hgavs liTiums, mxolod maTi qimiuri aqtiuroba 
gacilebiT maRalia. isinic iwvian halogenebis areSi (fToris da qloris 
areSi TviTaaldebian), haerze advilad iJangebian, wvisas ki peroqsidebs 
(mag., Na2O2) an hiperoqsidebs (mag., KO2, RbO2, CsO2) warmoqmnian. wyals 
oTaxis temperaturaze Zalze energiulad Slian siTbos didi raodenobis 
gamoyofiT, rasac natriumisa da kaliumis SemTxvevaSi gamoyofili 
wyalbadis aaleba, xolo momdevno metalebis SemTxvevaSi afeTqebac 
axlavs.  

tute metalebi sxvadasxva metalebTan warmoqmnian Senadnobebs. 
liTiumi saintereso Tvisebebis mqone Senadnobebs warmoqmnis magniumTan, 
aluminTan, TuTiasTan da sxv. Senadnobebs is aniWebs mTel rig 
specifikur, Zvirfas Tvisebebs. ase, magaliTad aluminis Senadnobi, 
romelic 1% liTiums Seicavs, xasiaTdeba maRali meqanikuri simtkiciT 
da koroziamedegobiT, xolo 2% liTiumis Semcveli spilenZis Senadnobi 
maRali eleqtrogamtarobiT gamoirCeva. praqtikuli TvalsazrisiT, 
sayuradReboa natriumis Txevadi Senadnobi kaliumTan (lR.t. -12,6ºC), 
romelic organul sinTezSi gamoiyeneba. 

liTiumis birTvuli gardaqmniT warmoiqmneba triTiumi, rasac 
atomur energetikaSi garkveuli praqtikuli mniSvneloba gaaCnia: 

6
3Li + 01n → 31H + 42He 

 

fizikuri Tvisebebi: tute metalebi movercxlisfro-TeTri (ceziumi 
mooqrosfro-yviTeli) myari nivTierebebia. miekuTvnebian rbil metalebs, 
rac maTi moculobacentrirebuli kuburi struqturiT aris ganpi-
robebuli. tute metalebs dabali simkvrive (≤1,9 g/sm3) da lRobis dabali 
temperatura (liTiumis lR.t. 180,5 ºC, natriumis – 97,8ºC, kaliumis – 63,6ºC, 
rubidiumis – 39,5ºC, ceziumis – 28,4ºC) axasiaTebT. moculobacentrirebul 
kubur struqturaSi koordinaciuli ricxvi 8-is tolia. yvelaze maRali 
simtkiciT gamoirCeva  heqsagonaluri struqturis metalebi. waxnag-
centrirebuli struqturis mqone metalebs (spilenZi, alumini da sxv. 
Sualeduri mdgomareoba ukavia. zogierTi metalisTvis (mag., rkina, kala 
da sxv.), pirobebis mixedviT damaxasiaTebelia polimorfizmi _ sxvadasxva 
tipis kristaluri struqturis warmoqmnis unari. rkinisaTvis damaxasia-
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Tebelia moculobacentrirebuli da waxnagcentrirebuli kuburi struq-
tura, rac maT zogierTi fizikuri Tvisebis gansxvavebaSi vlindeba. 

 
 

naxazi 28. metalebis kristaluri struqtura. 
a _ heqsagonaluri, b -- waxnagcentrirebuli kuburi,  

g – moculoba-centrirebuli kuburi 
 

naerTebi: liTiumisaTvis, iseve rogorc misi analogebisTvis, 
damaxasiaTebelia ionuri bmis warmoqmna. maTi ionebis mapolarizebeli 
moqmedeba araarsebiTia (garda liTiumisa). rac Seexeba kompleqs-
warmoqmnas, es unari maT naklebad axasiaTebT (SedarebiT meti 
raodenobiT aris miRebuli liTiumis Semcveli kompleqsnaerTebi).  

tute metalebi Jangbads advilad uerTdebian (maT navTis qveS 
inaxaven), Tumca zogierTi maTganis oqsidis miReba praqtikuli 
TvalsazrisiT, martivi ar aris. mag., natriumis JangbadSi wvisas miiReba 
natriumis peroqsidi:  

2Na + O2→ Na2O2 
oqsidis misaRebad mas natriumiT aRadgenen: 

Na2O2 + 2Na → 2Na2O 
tute metalebi Zlieri aRmdgenebia. liTiums meTilaminis an eTil-

aminis areSi SeuZlia aRadginos aromatuli naxSirwyalbadebi ciklo-
heqsanamde an maT homologebamde. natriumi, zemoaRniSnuli unaris gamo, 
Txevad amiakSi anacvlebs wyalbads Sesabamisi amidis warmoqmniT: 

Na + NH3 → NaNH2 + 0,5H2 
1A jgufis elementebis oqsidebi tipuri fuZe oqsidebia. wyalTan 

energiulad reagireben didi raodenobiT siTbos gamoyofiT da tuteebis 
warmoqmniT. mJavebTan, mJava da amfoterul oqsidebTan warmoqmnian mari-
lebs. tute metalTa hidroqsidebi Zlieri eleqtrolitebia. maTTvis 
damaxasiaTebelia kargi xsnadoba da maRali higroskopuloba. isini 
energiulad moqmedeben mJavebTan, mJava oqsidebTan, amfoterul 
metalebTan da oqsidebTan, arametalebTan: 

                                             MOH + HX → MX + H2O 
2MOH + SO3 → M2SO4 + H2O 

Zn + 2MOH +2H2O → M2[Zn(OH)4] + H2↑ 
2Al + 2MOH + 10H2O → 2M[Al(OH)4(OH2)2] + 3H2↑ 

Cl2 + 2MOH → MCl + MeClO + H2O 
3S + 6MOH → 2M2S + M2SO3 + 3H2O 

tute bunebiT da wyalSi xsnadobiT liTiumis hidroqsidi CamorCeba 
sxva tute metalebis hidroqsidebs.  

zogierTi tute (mag., KOH) myar mdgomareobaSi iJangeba ozoniT 
Sesabamisi ozonidebis da molekuluri Jangbadis warmoqmniT: 

4KOH + 4O3 → 4KO3 + O2 + 2H2O 
ozonidebi dayovnebisas iSlebian hiperoqsidis da molekuluri 

Jangbadis warmoqmniT: 
2KO3 → 2KO2 + O2,  ∆Gº298= –86 kj 
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tuteebi mrewvelobaSi miiReba Sesabamisi halogenidebis (mag., NaOH-is 
SemTxvevaSi) wyalxsnarebis eleqtroliziT an karbonatuli meTodiT: 

                                  eleqtrolizi 

2NaCl + 2H2O    →   2NaOH + Cl2 + H2  
Na2CO3 + Ca(OH)2 →  NaOH + CaCO3↓  

tute metalebis (gansakuTrebiT natriumis da kaliumis) marilebs 
Soris gamorCeuli adgili ukavia halogenidebs, nitratebs da 
karbonatebs (hidrokarbonatebs). halogenidebi da nitratebi bunebaSi 
moipoveba, kaliumis karbonats Seicavs nacari, natriumis hidrokarbonats 
da karbonats sinTezurad Rebuloben (ix. naxSirbadTan). natriumis 
karbonati warmoiqmneba agreTve natriumis peroqsidze naxSirbad(IV) 
oqsidis moqmedebiT: 

2Na2O2 + 2CO2 → 2Na2CO2 + O2 
am  reaqcias iyeneben wyalqveSa navebSi an kosmosur safren 

aparatebSi Jangbadis regeneraciisaTvis.  
didi praqtikuli mniSvneloba eniWeba kaliumis sulfats, romelsac 

iyeneben kaliumian sasuqad da minis warmoebaSi, agreTve karbonatebs, 
romelTac iyeneben minis da sapnis warmoebaSi. 

 

miReba da gamoyeneba: 
liTiumi da natriumi, ZiriTadad, miiReba maTi qloridebis nalRo-

bebis eleqtroliziT: 
2MeCl → 2Me +Cl2 

tuteebis eleqtroliziT metalebis miReba nakleb efeqturia maTi 
wylis orTqlTan urTierTqmedebis Sedegad gamosavlianobis sagrZnobi 
Semcirebis gamo. 

kaliums Rebuloben mis gamlRval qloridze an hidroqsidze 
natriumis orTqlis moqmedebiT (natriumTermiuli meTodi). natriumis 
orTqlis simkvrivesTan SedarebiT kaliumis orTqlis dabali simkvrivis 
gamo, gamoZevdeba kaliumi: 

KCl + Na → NaCl + K 
KOH + Na → NaOH + K 

rubidiumi da ceziumi aseve miiReba metalTermuli da Termuli 
daSlis meTodebiT. 

tute metalebi Li, Na da K, ZiriTadad, gamoiyeneba zogierT metalTan 
Senadnobebis saxiT, agreTve atomur reaqtorebSi Tbomatareblebad.   

naerTebis saxiT tute metalebs gacilebiT farTo gamoyeneba aqvT. 
isini gamoiyeneba mineralur sasuqad (gvarjilebi, kaliumis sulfati, 
kalium-azotiani sasuqebi), katalizatorebad da qimiur reagentebad 
sxvadasxva sinTezebSi, medicinaSi (fiziologiuri xsnari –  NaCl-is 0,82 
%-iani xsnari, KBr – nervuli daavadebebis samkurnalod da nervuli 
refleqsebis gadacemis dasaregulareblad, sarecx (natriumis karbonati 
– sarecxi soda) da maTeTrebel saSualebad (perboratebi da per-
sulfatebi), wyalbadis, qloris da natriumis tutis misaRebad (natriumis 
qloridis wyalxsnari), metaluri natriumis misaRebad_NaCl, minis 
warmoebaSi (natriumis da kaliumis karbonatebi, natriumis sulfati), 
sapnis warmoebaSi (kaustikuri da kalcinirebuli soda, potaSi _ 
iyenebdnen jer kidev galebi). rubidiumis da ceziumis zogierTi naerTi 
gamoiyeneba medicinaSi.  

 

kompleqswarmoqmnis unari: rogorc aRvniSneT, tute metalebis 
kompleqswarmoqmnis unari Zalian dabalia, Tumca arcTu ise didi xnis 
win miRebuli iqna maTi kompleqsebi specifikuri tipis ligandebTan _ 
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kraun-eTerebTan (a) da kriptatebTan (b). kompleqsis mdgradoba 
damokidebulia kraun-eTeris struqturasa da metalis bunebaze.  
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(b) 
 

kriptati 
 

sqema 9. 
 

kriptatebi aris ufro Zlieri da seleqtiuri agentebi tute 
metalebis “Sesabmelad”, rasac maTi molekulebis policiklur 
struqturas da azotis atomebis Semcvelobas ukavSireben. 
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mecxre Tavi 
 

 perioduli sistemis VIII jgufis s- da p-elementebi 

keTilSobili airebi 

 

keTilSobil airebs (heliumis garda) atomTa gare Sreze aqvT 8 
eleqtroni, romlebic warmoqmnian Zalian mdgrad sistemas. Akidev ufro 
mdgradia heliumis atomis oreleqtroniani garsic. aqedan gamomdinare, 
maTi atomebi xasiaTdebian ionizaciis maRali energiiT da rogorc wesi, 
eleqtronisadmi swrafvis uaryofiTi mniSvnelobiT. 

 

E -e- E+
ev

He,         Ne,         Ar,         Kr,        Xe,        Rn  
  
24.59         21.56         15.76        14           12.13        10.75

 
H 

heliumi aRmoCenili iqna mzeze 1868w. mzis speqtris Seswavlisas 
SeniSnes mkveTri yviTeli xazi, romelic ar iyo im dros cnobil 
arcerTi elementis speqtrSi. Ees amtkicebda mzeze axali elementis 
arsebobas, romelic dedamiwaze cnobili ar iyo. Aam elements heliumi 
uwodes, rac berZnulad mzes niSnavs. 

1889w. ramzaim mineral kleveitis gacxelebiT miiRo igive airi. 
romlis speqtric heliumis speqtris analogiuri aRmoCnda. 

1894w. releim yuradReba miaqcia qimiuri gziT da haeridan miRebul 
azotis simkvriveTa gansxvavebas. Ggansxvaveba didi ar iyo (qimiurad 
miRebulis 1.2506·10_3  m/sm3 da atmosferodan molekulis 1.2572·10_3  m/sm3, 
magram es Sedegi metad mniSvnelovani aRmoCnda, romelmac ramzai da 
relei miiyvana keTilSobili airebis aRmoCenamde. maT aCvenes, Tu ra didi 
mniSvneloba aqvs airis simkvrivis gansazRvras misi qimiuri 
identifikaciisaTvis. 

ramzaim da releim yvela keTilSobili airi gamoyves cal-calke, 
garda radonisa. Ddaamtkices maTi erTatomianoba da daadgines, rom isini 
inertulebi arian yvela Cveulebrivi reagentis mimarT. am mecnierebma 
daamtkices agreTve@α-nawilakebisa da ionizirebuli heliumis identu-
roba. 

heliumi wyalbadis Semdeg yvelaze msubuqi airia, Txevad 
mdgomareobaSi misi gadayvana 1908 wlamde ar moxerxda. Txevadi heliumis 
aorTqlebisas miiReba temperatura, romelic ramdenime gradusiT 
aRemateba absolutur nuls. 

dedamiwaze heliumi ara marto atmosferoSia (5.2·10_4%), aramed misi 
mniSvnelovani raodenoba gamoiyofa zogierT adgilebSi dedamiwis 
wiaRidan bunebriv airebTan erTad, romelTa speqtraluri analizi am 
elementis arsebobas amtkicebs. samyaroSi mis dagrovebas ganapirobebs 
wyalbadis heliumad gardaqmnis TermobirTvuli reaqcia: 

2H+2H1 1
3He+1n2 0

4He2
 

heliums Rebuloben zogierTi bunebrivi airidan, romelSic is Sedis, 
rogorc radioaqtiuri elementebis daSlis produqti. mas iyeneben 
metalTa avtogenuri SeduRebis dros inertuli aris Sesaqmnelad. aseve 
atomur energetikaSi. is gamoiyeneba dabali temperaturebis fizikaSi 
muSaobisas. gamoiyeneba TermometrebSi, romelic muSaobs 1-dan 80k-mde 
temperaturis farglebSi. 
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neonis, argonis, kriptonis da qsenonis miRebas haeridan awarmoeben. 
inertul airebs Soris haerSi yvelaze didi raodenobiT argonia (0.93%). 

bunebaSi is warmoiqmneba – 
40K
19 izotopisagan birTvuli reaqciiT. neoni 

(aRmoaCina Sotlandielma u. ramzaim da ingliselma m, tranversma 1898 
wels) da argoni (aRmoaCines Sotlandielebma u. ramzaim da d. releim) 
gamoiyeneba varvarebis lampebis asavsebad. am airebiT avseben agreTve 
airmanaTebel milebs, neonisaTvis damaxasiaTebelia wiTeli naTeba, argo-
nisaTvis molurjo-cisferi. argoni, romelic keTilSobil airTa Soris 
yvelaze xelmisawvdomia, gamoiyeneba im metalurgiul da qimiur 
procesebSi, romlebic inertul garemos saWiroeben.  

didi xnis ganmavlobaSi iTvleboda, rom keTilSobil airTa atomebs 
sxva elementis atomebTan qimiuri bmis warmoqmna ar SeeZlo. cnobili iyo 
mxolod SedarebiT aramdgradi molekuluri naerTebi _ keTilSobil 
airTa hidratebi:  Ar * 6H2O,  Kr *  6H2O,  Xe *  6H2O. es naerTebi miekuTvneba 
klatratebs. aseT nerTebSi valenturi bmebi ar aris. maT warmoqmnas 
xels uwyobs yinulis kristalur meserSi arsebuli mravalricxovani 
Rrmulebi.  

mecnierebi didxans cdilobdnen mieRoT am elementebis realuri 
(mdgradi) naerTebi. 60-iani wlebis dasawyisSi  mecnieri bertleti 
ikvlevda ra Zlieri mJangavis _ platinis heqsafToridis Tvisebebs, 
romelmac molekulur Jangbads daakargvina eleqtroni dioqsigenilheqsa-
fTorplatina(V)-is warmoqmniT: 

O2 + PtF6 O2
+[PtF6]-

 
mivida im daskvnamde, rom igive mJangaviT SesaZlebeli iqneboda 

keTilSobil airTa naerTebis miRebac, ramdenadac molekuluri O2 -is da 
qsenonis (aRmoaCines Sotlandilebma u. ramzaim da m. traversma 1898 w.) 
ionizaciis energiebi daaxloebiT erTnairia: Jangbadis _ 180 kj/moli, 
qsenonis 170 kj/moli. marTlac, qsenonis da PtF6 SerevisTanave wavida 
reaqcia, yviTeli feris naleqis warmoqmniT. SesaZlebeli gaxda sufTa 
Xe[PtF6]-is gamoyofa. 

ase gaqarwylda miTi keTilSobil airTa inertulobis Sesaxeb. amis 
Semdeg Zalian male amerikaSi miiRes naerTi Xe[SiF6]. 

martivad iqna miRebuli qsenonis fToridebi:  XeF2, XeF4, XeF6,   
martivi nivTierebis pirdapiri urTierTqmedebiT. qsenoni iwvis ftoris 
areSi, mnaTi aliT. fToriT qsenonis daJangvis produqtebis Sedgeniloba 
damokidebulia aRebuli narevis Sedgenilobaze, droze da 
urTierTqmedebis pirobebze. SedarebiT dabali ionizaciis energiebi aqvT 
Kr, Xe, Rn. amiT aixsneba, sxva keTilSobil airebTan SedarebiT maTi 
maRali qimiuri aqtiuroba. XeF2-is molekulis aqvs xazovani forma. misi 
warmoqmna dakavSirebulia samcentriani, oTxeleqtroniani molekuluri 
orbitalis warmoqmnasTan.   

rogorc gamoTvlebma aCvena, Kr-is da Xe-is atomebSi  p- eleqtronebis 
sxva energetikul mdgomareobaSi gadayvanas sWirdeba didi energia. mag. 
qsenonis atomis normaluri mdgomareobidan 5s25p6 -dan 5s25p56s1 da 5s25p55d1 

mdgomareobaSi gadasvlas Wirdeba Sesabamisad 795 da 960 kj/moli, xolo 
5s25p45d2 da 5s25p45d16s1-mde agznebas 1750 da 1930 kj/moli, energiis aseTi 
didi danaxarji ar kompensirdeba oreleqtroniani bmebis warmoqmnisas. 

qsenonis qvejgufis elementebis naerTTa warmoqmnis meqanizmis axsna 
SesaZlebeli gaxda warmodgenebiT oTxeleqtroniani, samcentriani bmebis 
warmoqmnis Sesaxeb. mag. XeF2-is wrfiv molekulaSi Xe-is atomis erT-erTi 
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5p-orbitalisa da fToris atomebis ori 2p orbitalebisagan warmoiqmneba 
sami molekuluri orbitali _ makavSirebeli, aramakavSirebeli da 
gamTiSavi. 
 

σ∗gamT.

σ aramak.

XeF2

Xe F

atomuri 
orbitalebi

molekuluri 
orbitalebi

atomuri 
orbitalebi

σ mak.

F

                                                 
sqema 10. atomuri orbitalebidan XeF2-is molekuluri  

orbitalebi warmoqmna 
 

oTxi savalento eleqtroni 
Xe5p2+F2P1 + 2P1F

 avsebs makavSirebel da 
aramakavSirebel orbitalebs Sedegad warmoiqmneba sakmaod mtkice bma. 
aramakavSirebeli orbitali praqtikulad koncentrirebulia fToris 
atomTan. adgili aqvs eleqtronuli simkvrivis gadanacvlebas fToris 
atomisaken, amitom am ukanasknelis muxti uaryofiTia. 
     samcentriani bma vrceldeba F-Xe-F-is mTel sistemaze. meore p- 
orbitals (romelic pirvelTan swor kuTxes qmnis), SeuZlia warmoqmnas 
meore samcentriani bma (XeF4-Si). mesame p orbitals – mesame samcentriani 
bma (XeF6-Si) p-orbitalebis ganlagebidan gamomdinare SesaZlebelia mole-
kulebis geometriul formebze msjeloba: XeF2 _ wrfivi, XeF4 _ brtyel-
tetraedruli aRnagoba aqvs,  XeF6 unda hqonoda oqtaedruli, Tumca sinam-
dvileSi aqvs damaxinjebuli oqtaedris forma, rasac gamartivebuli 
molekuluri orbitalebis meTodi ar iTvaliswinebs. ufro zusti 
prognozirebisaTvis saWiroa molekuluri orbitalebis delokalizaciis 
gaTvaliswineba. 
     keTilSobil airTa fToridebi Cveulebriv pirobebSi mdgradi 
kristaluri naerTebia, isini advilad disproporcionirdebian, gan-
sakuTrebiT gacxelebisas. 

XeF2 Xe + XeF4  
3XeF4 Xe + 2XeF6  

          Xe-is JangviTi ricxvis zrdasTan erTad SemCneulia zogadi 
kanonzomiereba. erTi tipis naerTebSi fuZe Tvisebis Semcireba da 
mJavurobis zrda XeF2, rogorc fuZe Tvisebis nivTiereba moqmedebs 
mJavebTan marilebis warmoqmniT da mJavuri bunebis mqone nivTierebebTan 
SbF5, NbF5, TaF5 da a.S kationuri kompleqsebis warnoqmniT. 

XeF2 + HClO4 [XeF][ClO4] +HF  
XeF2 +SbF5 [XeF]SbF6]  

XeF2 da XeF4-isagan gansxvavebiT XeF6 amfoterulia. ufro Zlieri 
mJavuri bunebis naerTebTan kationuri kompleqsis nawarms warmoqmnis. 
mag., [XeF5][SO3F], xolo fuZe fToridebTan hepta an oqtafToroqsenats(VI). 
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CsF + XeF6 Cs[XeF7]  
2CsF + XeF6 Cs2[XeF8]  

        Cs-isa da Rb-is fTorqsenatebi(VI) qsenonis yvelaze mdgradi 
naerTebia, ar iSlebian 4000C mde gacxelebisas. 

fToridebi yvela Zlieri mJangavebia XeF4 Jangavs  Pt-s:  
Pt + XeF4 +2HF H2[PtF6] + Xe  

difToridi wyals Jangavs: 
2XeF2 +2H2O  2Xe +O2 + 4HF  

kriptonis difToridic Zlieri maftorirebeli reagentia. is 
SeiZleba gamoyenebul iqnas metalTa aradamaxasiaTebeli JangviTi 
ricxvis mqone naerTebis misaRebad. 

7KrF2  + 2Au 2[KrF] [AuF6] + 5Kr  
[KrF]+ [AuF6]- AuF5 + Kr + F2

60-650C
 

miRebulia agreTve Xe(+6)-is sxva nawarmebic. XeO3 TeTri, araaqro-
ladi, feTqebadi nivTiereba (∆H0 = 401.7kj/moli), trigonaluri piramidis 
formis. is advilad warmoiqmneba XeF6, XeOF4–is hidroliziT da Xe F4-is 
Jangva-aRdgeniTi hidroliziT.  

XeF6  + H2O =XeOF4
  + 2HF  

XeOF4  + 2H2O XeO3
  + 4HF  

6XeF4  +12H2O = 2XeO3
  + 4Xe + 3O2 + 24HF

 
XeO3-mJava bunebis oqsidia, tuteebTan moqmedebs marilebis 

warmoqmniT:   

XeO3  +Ba(OH)2 BaXeO4 + H2O  
rogorc vxedavT, qsenoni mdgrad naerTebs warmoqmnis mxolod Zlier 

eleqtrouaryofiT elementebTan: fTorTan (X=4,0) da JangbadTan (X=3,5) da 
am elementebis Semcvel sxvadasxva jgufebTan. 
 Zlieri mJangavebis moqmedebiT miRebulia naerTebi sadac Xe-is 
JangviTi ricxvi aris +8. aseTi naerTebidan cnobilia XeF8, tetraoqsidi 
XeO4 da oqsoheqsafToridi XeOF6. 
 qsenonis tetraoqsidi miiReba M4XeO6-is marilebze konc. H2SO4-is 
moqmedebiT. 

Ba2XeO6 +2H2SO4 2BaSO4 + 2H2O +XeO4  
            XeO4-airia, nela iSleba    

3XeO4 Xe + 2XeO3 + 3O2  
Xe-V periodis sxva p-elementebis msgavsad  (TeO6

6-, IO6
5-) warmoqmnis 

heqsaoqsoqsenatebs(VIII)  XeO6
4--ioniT. qsenonis (VIII) naerTebi Zlieri 

mJangavebia (ufro Zlieri mJangavicaa, vidre MnO4--ioni mJava areSi da 
fTori). qsenonis naerTebis saSualebiT SesaZlebeli gaxda praqtikulad 
yvela elementis daJangva umaRles JangviT ricxvamde, miRebulia AuF5, 
BrF7 da a.S.  
     keTilSobil airebs Soris yvelaze iSviaTi elementi radonia, 
(aRmoaCina fridrix ernst dornma 1898 wels) misi yvela izotopi 
radioaqtiuria. misi atomis ionizaciis energia yvelaze dabalia 
(keTilSobili airebis atomebs Soris). aqedan gamomdinare, Rn maT Soris 
yvelaze aqtiuri unda iyos, magram radioaqtiuri buneba aZnelebs misi 
monawileobiT eqsperimentebis Catarebas. radonisa da F2-is narevis 
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gacxelebiT miRebulia araaqroladi produqtebi, romelic SeiZleba iyos 
radonis ionuri fToridebi. 
     bunebaSi radoni     mudmivad warmoiqmneba. is warmoadgens 
mosaxleobis radioaqtiuri dasxivebis ZiriTad wyaros. dasxivebis 
ZiriTad nawils adamiani daSlis produqtebis saxiT iRebs, romelic 
CasunTqul haerTan erTad xvdeba mis organizmSi. mas ara aqvs suni da 
gemo, grovdeba sardafebSi, SenobebSi romelic ar niavdeba. gamoiyofa 
niadagidan, Senobis kedlebidan, saTbobidan, wylidan da a.S. gauniavebel 
oTaxSi dRe-Ramis ganmavlobaSi misi raodenoba 6-jer izrdeba. abazanis 
gavlenis SemTxvevaSi ki 40-jer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

86
222Rn
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meaTe Tavi 
 

 gardamavali metalebis zogadi daxasiaTeba 
 

gardamavali im elementebs ewodebaT, romelTac Tavisufal-neitra-
lur atomebSi d- an f-orbitalebi nawilobriv aqvT eleqtronebiT 
Sevsebuli. isini ganlagebuli arian did periodebSi s- an p-elementebs 
Soris. ufro gafarToebuli ganmartebiT gardamavals iseT elementebsac 
miakuTvneben, romelTac d- an f-orbitalebi nawilobriv Sevsebuli aqvT 
ara neitralur atomebSi, aramed Tundac romeliRac JangviTi ricxvis 
mqone mdgomareobaSi. mag., Cu, Ag, Au gardamavali metalebia. ramdenadac 
Cu2+-s aqvs 3d9, Ag2+ – 4d9 da Au3+ – 5d8 eleqtronuli konfiguracia. garda 
amisa, es elementebi gardamavals unda mivakuTvnoT Tundac sufTa 
qimiuri TvalsazrisiTac, ramdenadac maTi qimiuri Tvisebebi mTlianad 
Seesabameba gardamaval metalTa Tvisebebs. 

am gafarToebuli ganmartebis Tanaxad, periodul sistemaSi arsebul 
elementTa didi nawili gardamavals miekuTvneba. 

gardamavali elementebi ramdenime zogad Tvisebebs floben: 
1. yvela gardamavali elementi martivi nivTierebis saxiT aris 

metali (maTi savalento eleqtronebis ricxvi gacilebiT naklebia 
savalento orbitalebis ricxvze). 

2. yvela maTgani xasiaTdeba siTbo- da eleqtrogamtarobiT. d-
elementebis mier warmoqmnil martiv nivTierebebSi atomTa Soris 
kavSirebis energetikaSi ZiriTadi wvlili d-eleqtronebs Seaqvs. es 
gansakuTrebiT ojaxebis Sua d-elementebSi SeimCneva, romelTac 
gauwyvilebeli d-eleqtronebis maqsimaluri ricxvi aqvT. aqedan 
gamomdinare, maTi atomizaciis energiebi Zalian maRalia, aseve maRalia 
maTi lRobisa da duRilis temperaturebi. gardamavali d-metalebi yovel-
dRiur praqtikaSi farTod gamoyenebuli tipuri metalebia. 

3. yvela maTgans erTmaneTTan da sxva metalebTan Senadnobebis 
warmoqmnis unari aqvT. 

4. bevri maTgani ixsneba mineralur mJavebSi, Tumca maT Soris arian 
e.w. “keTilSobili” metalebi, romlebic maTi eleqtroduli 
potencialebis mniSvnelobebidan gamomdinare mJavebTan Cveulebriv ar 
moqmedeben. 

5. zogierTi gamonaklisis garda, isini cvalebadi da xSirad mniSvne-
lovnad gansxvavebuli JangviTi ricxvebiT xasiaTdebian. d-elementebs 
gare SreSi erTi an ori (ns) eleqtroni aqvT. isini xasiaTdebian (n-1)d, ns 
da np orbitalebis energetikuli siaxloviT. amitom qimiuri bmebis 
warmoqmnaSi es orbitalebi monawileoben, rac ganapirobebs maTTvis 
damaxasiaTebel cvalebad JangviT ricxvebs. aqedan gamomdinare, maTTvis 
Zlier damaxasiaTebelia Jangva-aRdgeniT reaqciebSi monawileoba. aseve 
damaxasiaTebelia mkveTrad gansxvavebuli fuZe-mJavuri Tvisebebis mqone 
naerTebis warmoqmnis unari. 

6. eleqtronebiT nawilobriv Sevsebuli orbitalebis gamo maT 
paramagnituri naerTebis warmoqmnis unari aqvT. 

yvela gardamavali metali SeiZleba sam jgufad daiyos: a) ZiriTadi 
anu d-jgufi; b) lanTanidebi; g) aqtinidebi.  

ZiriTad anu d-jgufs miekuTvneba elementebi, romelTac nawilobriv 
Sevsebuli mxolod d-orbitalebi aqvT. am jgufis pirveli, yvelaze 
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msubuqi elementi aris skandiumi (eleqtronuli konfiguraciiT 3d4s2), 
Semdegi momdevno 8 elementi (Ti, V, Cr, Mn, fe, Co, Ni, Cu), romelTac agreTve 
normalur mdgomareobaSi Tavisufal atomSi (garda spilenZisa) d-
orbitalebi nawilobriv aqvT Sevsebuli. isini Seadgenen d-gardamavali 
elementebis pirvel rigs.  

TuTiis atomis eleqtronuli konfiguracia aris 3d104s2, mas, rogorc 
Tavisufal atomSi, ise nebismier naerTSi d-orbitalebi bolomde (d10) 
aqvT Sevsebuli. ase, rom TuTia ar aris gardamavali elementi, iseve, 
rogorc periodul sistemaSi misi momdevno 8 elementi. itriumidan 
dawyebuli, romlis ZiriTadi mdgomareobisaTvis damaxasiaTebelia konfi-
guracia 4d5s2, iwyeba d-gardamavali metalebis meore rigi. momdevno 8 
elements (Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag) aqvs nawilobriv Sevsebuli 4d-
orbitalebi Tavisufal atomSi (garda vercxlisa) an erT an ramdenime 
ionSi (garda itriumisa). es aris cxra elementisagan Semdgari d-
gardamavali elementebis meore rigi.  

momdevno elementebs d-orbitalebi yvela mdgomareobaSi aqvT 
Sevsebuli. es grZeldeba lanTanamde, romelsac ZiriTad mdgomareobaSi 
aqvs konfiguracia 5d6s2. mosalodneli iyo, rom momdevno elementebSi 
gagrZeldeboda d-orbitalebis eleqtronebiT Sevseba. 

sinamdvileSi ase ar xdeba. aRmoCnda, rom 4f-orbitalebi energeti-
kulad ramdenadme ufro mdgradia, vidre 5d, amitom momdevno 14 
elementSi eleqtronebiT ivseba 4f-orbitalebi, vidre maqsimums ar 
miaRwevs luteciumSi (luteciumis eleqtronuli konfiguraciaa 4f145d6s2), 
e.i. am or elementSi (La da Lu) yvela orbitali Sevsebulia, 5d orbitalis 
garda, amitom am ori elementis mikuTvneba SeiZleba gardamavali meta-
lebis d-jgufisaTvis. magram fizikuri da qimiuri Tvisebebis mixedviT 
yvela es 15 elementi dawyebuli lanTanidan luteciumis CaTvliT (Z=71) 
analogebi arian da maT lanTanidebs uwodeben.  

d-gardamavali metalebis mesame rigi iwyeba hafniumidan (6s25d2). am 
rigSi Sedis elementebi _ Ta, W, Re, Os, Ir, Pt, Au.  am elementebisaTvis 
damaxasiaTebelia nawilobriv Sevsebuli 5d-orbitalebi neitralur 
(garda oqrosi) da maTTvis damaxasiaTebel zogierT JangviTi ricxvis 
mdgomareobaSi. 

aqtiniumidan (7s26d) dawyebuli mosalodneli iyo igive mdgomareobis 
ganmeoreba, rasac lanTanis momdevno elementebSi aqvs adgili. kerZod, 
eleqtronebis Casaxleba 5f-orbitalebze da lanTanidebis msgavsad 
elementebis axali 15 wevriani rigis Seqmna. magram am SemTxvevaSi 
gansxvavebul movlenebTan gvaqvs saqme, ramdenadac lanTanidebSi 
gamokveTili energetikuli gansxvavebaa 5d- da 4f-orbitalebs Soris 
gansxvavebiT 6d- da 5f-orbitalebisagan, romelTa energiebSi umniSvnelo 
gansxvavebaa. am elementebis atomebSi 6d- da 5f-orbitalebze eleqtronebis 
yofnis albaToba TiTqmis erTnairia. amitom eleqtronebi ikaveben 
rogorc erT, ise meore tipis orbitalebs, zogjer erTdroulad 
orivesac. Ac-is konfiguraciaze oTxi an xuTi eleqtronis damatebis 
Semdeg, 5f-orbitalebi xdeba energetikulad ufro mdgradi. qimiur 
TvisebebSi analogia ZiriTadad americiumis momdevno elementebSi 
SeiniSneba. miuxedavad amisa, aqtiniumidan dawyebuli 15 elementiani 
jgufi iwodeba erT ojaxad _ aqtinidebad. 

eleqtronuli aRnagobis analizi aCvenebs gardamavali elementebis 
am sam jgufs Soris arsebiT gansxvavebas. d-jgufis elementebs 
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nawilobriv aqvT Sevsebuli d-orbitalebi. nebismier d-orbitals 
axasiaTebs atomidan da ionidan periferiisken gaweliloba, amitom am 
orbitalebis eleqtronebi koordinirebuli garemocvisgan Zlier 
urTierTqmedebas ganicdian, romelic TandaTan Zlierdeba 3d, 4d, 5d 
mimarTulebiT orbitalebis gawelilobis xarisxis zrdasTan dakav-
SirebiT. Tavis mxriv, d-orbitalebic igive mizezis gamo arsebiT gavlenas 
axdens mezobel atomebze da ionebze. amis sawinaaRmdegod, lanTanidebis 
4f-orbitalebi atomis an ionis eleqtronuli struqtris siRrmeSia. 
amitom am orbitalebze myofi eleqtronebi ganicdian naklebad Rrmad 
myofi eleqtronebiT (5s, 5p) ekranirebas, ris gamoc 4f-eleqtronebis da 
mezobeli atomebis (an ionebis) urTierTqmedeba naklebad aisaxeba 
centraluri atomis qimiur Tvisebebze. amitom aris qimiuri 
TvalsazrisiT lanTanidebi erTmaneTis msgavsi, rasac ver vityviT d-
jgufis elementebze. am TvalsazrisiT aqtinidebs Sualeduri adgili 
ukaviaT am or jgufs Soris, ramdenadac 5f-orbitalebi ar aris 
eleqtronul struqtraSi ise Rrmad da arc ise gawelilia 
periferiisken, rogorc d-orbitalebi.  

s- da p-elementebis msgavsad gardamaval elementebSic ionizaciis 
energiebi periodebSi atomuri nomris zrdis mimarTulebiT izrdeba, 
magram aRniSnuli elementebisgan gansxvavebiT am cvlilebas mdore 
xasiaTi aqvs. amasTan cvlileba aramonotonuri xasiaTisaa, rac 
gamowveulia d5 da d10  eleqtronebis maekranirebeli moqmedebiT. ns-
eleqtronebis (n-1)d5 da (n-1)d10  ekranis qveS SeRweva zrdis ionizaciis 
energiebs. B jgufebSi ki ionizaciis energiebi s- da p-elementebisgan 
gansxvavebiT izrdeba. es SeiZleba aixsnas gare ns-eleqtronebis 
birTvisken efeqturi SeRweviT. mag., Tu IV periodis d-elementebis 4s-
eleqtronebs 3d10 ekranis qveS uxdebaT SeRweva, VI periodisas ormagi 
ekranis 5d10 da 4f14  ekranebis qveS, amitom 6s-eleqtronebis birTvTan kavSiri 
gazrdilia, rac Sesabamisad zrdis ionizaciis energias. Cu, Ag, Au am 
mimarTulebiT qimiuri aqtiuroba mkveTrad ecema. gardamavali 
elementebisa da maTi naerTebis Tvisebebze did gavlenas axdens d-
SekumSvisa da lanTanoiduri f-kumSvis efeqtebi. swored lanTanoiduri 
kumSvis gamo cirkoniumi da hafniumi qimiuri elementebis yvelaze msgavsi 
wyvilia. 

d-rigis gardamavali metalebis oqsidebi da sulfidebi dabali 
JangviTi ricxvebiT cvladi Sedgenilobis naerTebia, romlebic ar 
eqvemdebarebian Sedgenilobis mudmivobisa da jerad fardobaTa kanonebs. 
gardamavali elementebis naerTTa kristaluri struqturebi Sedgeba ara 
maTi calkeuli molekulebisagan, aramed am naerTebSi TiToeuli atomi 
an ioni garSemortymulia ionebis an neitraluri molekulebis 
gansazRvruli ricxviT. aqedan gamomdinare, es naerTebi koordinaciulia. 
Tu es struqtura _ centraluri atomi masTan dakavSirebuli ligandebiT 
xsnarSic SenarCundeba, aRniSnuli koordinaciuli naerTi kompleqsuria. 
gardamavali metalebi tipuri kompleqswarmomqmnelebia. xSirad maTi 
kompleqsnaerTebi ufro mdgradia, vidre maTi warmomqmneli martivi 
naerTebi.   

3d seriis yvela metalisaTvis damaxasiaTebelia kationuri 
akvakompleqsebi SedgenilobiT: [Э(H2O)6]2+ da [Э(H2O)6]3+. saerTod maT 
axasiaTebT kationuri, anionuri da neitraluri, dabalspinuri da 
maRalspinuri kompleqsebis mravalferovneba: tetraedruli, brtyel-
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kvadratuli, kvadratul-piramiduri da oqtaedruli konfiguraciiT. 3d 
seriis metalebis koordinaciuli ricxvi, rogorc wesi, ufro dabalia, 
vidre maTi mZime analogebis, rac atomuri da ionuri radiusebis 
gansxvavebiT aris gamowveuli. 

4d- da 5d seriis metalebisTvis damaxasiaTebelia naerTebi umaRlesi 
JangviTi ricxvebiT. rigSi 3d, 4d da 5d izrdeba umaRlesi JangviTi 
ricxvebiT maTi naerTebis mdgradoba. am seriis elementebisaTvis 
damaxasiaTebelia dabalspinuri da anionuri kompleqsebi. 3d jgufis 
metalebisgan gansxvavebiT maT axasiaTebT eleqtronebis gawyvilebisaken 
didi swrafva. amitom iSviaTad warmoqmnian maRalspinur kompleqsebs. 
Pd(II)-is da Pt(II)-is TiTqmis yvela kompleqsi dabalspinuria da  brtyel-
kvadratuli. am formis stabilizacias ligandebis Zlieri veli uwyobs 
xels. maTi halogenidebi dabali JangviTi ricxvebiT _ klasteruli 
naerTebia. 

garda saerTo Tvisebebisa, unda aRiniSnos d-elementebis calkeuli 
jgufebis specifikuri Taviseburebani. mag., Sc-is qimia msgavsia aluminis, 
itriumis _ iSviaT miwaTa metalebis qimiis. titanis qvejgufis 
elementebisaTvis damaxasiaTebelia oqsidebis, nitridebis da karbidebis 
mdgradoba da ZneladlRobadoba, titanatebis da cirkonatebis 
uxsnadoba, metalebis koroziuli mdgradoba. vanadiumis qimia gamoirCeva 
JangviTi ricxvebis mravalferovnebiT. niobatebs, vanadatebs da 
tantalatebs axasiaTebT uxsnadoba da polikondensacia. qromisa da 
manganumis qimia xasiaTdeba d5 struqturis naerTebis mdgradobiT. 
umaRlesi JangviTi ricxvis naerTebis umdgradobiT da Jangvisunariano-
biT. VIII jgufis d-elementebisTvis gansakuTrebiT aRsaniSnavia kompleqs-
warmoqmnis maRali unari da gansakuTrebuli katalizuri aqtiuroba. 
zogierTi maTganisaTvis damaxasiaTebelia wyalbadis gaxsnis 
gansakuTrebuli unari. 

klasteruli kompleqsebis warmoqmna ZiriTadad damaxasiaTebelia 4d 
da 5d metalebisaTvis, radgan klasterebis stabilizaciisaTvis 
aucilebelia d-orbitalebis efeqturi gadafarva. klasteruli 
kompleqsebis warmoqmnis unari axasiaTebs metalebs atomizaciis 
gansakuTrebiT maRali enTalpiebiT. Sesabamisad maRali lRobisa da 
duRilis temperaturebiT. rogoricaa: W, Mo, Pt, Ir, Os, Nb, Tl. amave dros 
klasterul naerTebs es metalebi warmoqmnian dabali JangviTi 
ricxvebiT, radgan d-orbitalebis zomebi ukuproporciulia birTvis efeq-
turi muxtis, amitom maRali JangviTi ricxvebi arasasurvelia. 3d-elemen-
tebi dabali JangviTi ricxvebis SemTxvevaSic ver warmoqmnian mdgrad 
klasterebs, radgan d-orbitalebis zomebi ar iZleva Zlieri gadafarvis 
da mdgradi klasterebis warmoqmnis SesaZleblobas. klasterebs 
aRmoaCndaT unikaluri katalizuri aqtiuroba. heterometaluri 
klasterebisgan SesaZlebeli gaxda audio da videoteqnikaSi 
gamoyenebuli homogenuri, ultradispersiuli Senadnobebis damzadeba. 
klasterebis gamoyenebiT SesaZlebeli gaxda navTobis desulfurizacia, 
rac metad mniSvnelovani ekologiuri problemaa da a.S. 
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meTerTmete Tavi 
 

titani 
 

titani  miekuTvneba  d – gardamavali metalebis pirvel rigs. is peri-
oduli sistemis IV jgufis d-metalia. Tavisufal mdgomareobaSi movercx-
lisfro-TeTri feris msubuqi metalia (d=4,54 g/sm3). titani arsebobs ori 
kristaluri modifikaciis saxiT: α- mkvrivi heqsagonaluri struqturiT 
da β-kuburi moculoba-centrirebuli struqturiT. maTi gadasvlis 
temperatura↔tolia 883°C-is. titani aRmoaCines 1789 wels erTmaneTisagan 
damoukideblad ingliselma mecnierma u. gregorma da germanelma 
mecnierma m.g. klaportma (rogorc Cans, berZnuli miTologiis gavleniT, 
mis mierve aRmoCenil metals uwoda “titani”). metaluri titanis pirveli 
nimuSi 1825 wels miiRo gamoCenilma Svedma qimikosma a. berceliusma. 
qimiurad sufTa titani miiRes mxolod asi wlis Semdeg holandielma 
mecnierebma a. van arkelma da i. de burma titanis(IV) iodididis Termuli 
daSliT: 

TiI4 → Ti + 2I2 
titani bunebaSi sakmaod farTod gavrcelebuli metalia (dedamiwis 

qerqSi misi Semcveloba daaxloebiT 0,57%-ia (erT miliardze meti tona). 
maRali qimiuri aqtiurobis gamo titani Tavisufal mdgomareobaSi ar 
gvxvdeba. is gavrcelebulia mineralebis saxiT (cnobilia misi Semcveli 
100-mde minerali), romelTagan mniSvnelovania ilmeniti − FeTiO3, rutili 
− TiO2, perovskiti − CaTiO3 da sxv.  

  

 
 

naxazi 29. kristaluri titanis Rero 
 

 
 

naxazi 30. titanis madnis nimuSi 
 

titanis atomis eleqtronuli aRnagoba: 
 

                                              22Ti      [Ar] 4s23d2    
 
 
 

http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BC%D0%BC
http://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BD%D1%82%D0%B8%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Titan-crystal_bar.JPG
http://en.wikipedia.org/wiki/File:Ti,22.jpg
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Titan-crystal_bar.JPG
http://en.wikipedia.org/wiki/File:Ti,22.jpg
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titanis eleqtrouaryofiToba (polingis mixedviT) 1,54-ia; atomis 

radiusi − 147 pm, kovalenturi radiusi tolia 132 pm-is, xolo ionuri 
radiusi − (+4e)68 (+2e)94 pm-is. 

 
miReba: titani teqnikaSi ZiriTadad ori meTodiT miiReba − titanis 

madnebis gogirdmJavaTi damuSavebiT da pirometalurgiuli teqnologiiT. 
titanis madnebis gogirdmJavaTi damuSavebisas miiReba titanis dioqsidi, 
romlis koqsTan narevs acxeleben qloris moqmedebis pirobebSi: 

TiO2 + 2C + 2Cl2 → TiCl4 + 2CO 
warmoqmnil titanis tetraqlorids misi orTqlidan (850°) metalur 

titanamde magniumiT aRadgenen: 
TiCl4+ 2Mg → 2MgCl2+ Ti 

rafinirebuli titani miiReba iodiduri meTodiT an eleqtroliziT. 
titanis “sxmulebis” dasamzadeblad gamoiyeneba Tanamedrove teqnolo-
giebi, mag., eleqtronul-sxivuri da plazmuri gadamuSaveba. titani maRal-
lRobad metalebs miekuTvneba. misi lRobis temperatura 1671°C. titanis 
mtveri feTqebadia. misi aalebis temperatura 400°С-ia. 

 

qimiuri Tvisebebi: titani maRali qimiuri aqtiurobiT gamoirCeva. 
aluminis msgavsad, Cveulebriv temperaturaze dafarulia titanis dioqsi-
dis damcavi afskiT, amitom is bevri aris mimarT iCens maRal korozia-
medegobas  gafxvierebul mdgomareobaSi ki 1200°C-mde gaxurebisas iwvis 
haerze cvladi Sedgenilobis TiOx-is warmoqmniT. titani mdgradia mravali 
ganz. mJavis (HF, H3PO4, konc. gogirdmJavisa da tutis moqmedebis mimarT). 

gaxurebisas titani urTierTqmedebs halogenebTan tetrahalogenebis 
warmoqmniT: 

                       Ti + 2Cl2 → TiCl4 
titanis tetraqloridi hidrolizebadi, haerze mbolavi siTxea. misi 

wyalbadiT, aluminiT an siliciumiT aRdgeniT warmoiqmneba TiCl3 da TiCl2, 
romelTac Zlieri aRmdgeni unariT aqvT. magaliTad, TiCl3, rogorc aRmd-
geni, wyalsnarebSi haeris JangbadiT iJangeba: 

 

4TiCl3 + O2 + 2H2O → 4TiOCl2 + 4HCl 
gaxurebisas TiCl2  ganicdis dipropcionirebas: 

2TiCl2 → Ti + TiCl4 
disproporcionirebis reaqcia endoTermuli procesia (ΔH=274 

kj/moli), magram misi mimdinareobis albaToba (maRal temperaturaze) 
sakmaod didia sistemis entropiis zrdis gamo. 

titani maRal temperaturaze uerTdeba azots, naxSirbads da 
wyalbads cvladi Sedgenilobis naerTebis warmoqmniT. ase magaliTad, 
titani 400°C-ze maRal temperaturaze gaxurebisas azotTan warmoqmnis 
cvladi Sedgeniloobis nitrids TiNx (x=0,58-1,00), xolo naxSirbadTan 
gaxurebisas karbids TiCx (x=0,49-1,00). 

wyalbadTan gaxurebisas titani warmoqmnis cvladi Sedgenilobis 
hidridebs (TiHх; x=1,0), romlebic maRal temperaturaze umdgradebia da 
iSlebian molekuluri wyalbadis gamoyofiT. 

bevr metalTan (mag., alumini, magniumi) titani warmoqmnis specifi-
kuri Tvisebebis mqone intermetalur naerTebs. 

metaluri titanis aqtiuroba mniSvnelovnad aris damokidebuli misi 
dispersiis xarisxze. wvrilad dispergirebuli titani gacxelebisas 
urTierTqmedebs konc. gogirdmJavasTan: 

http://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D0%BA%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B2%D0%B8%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%82%D0%BE%D1%84%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%82%D0%BE%D1%84%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%82%D0%BE%D1%84%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%82%D0%BE%D1%84%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0


 133

Ti + 5H2SO4 → H2[Ti(SO4)3] + 2SO2 + 4H2O 
titani gacxelebisas ixsneba marilmJavaSi da aRmdgen areSi 

warmoqmnis Ti(III)-is akvakompleqss − [Ti(OH2)6]3+: 
2Ti° + 6OH3

+ + 6H2O → 2[Ti(OH2)6]3+ + 3H2 
titanis marilebis wyalxsnarebidan ileqeba rTuli Sedgenilobis 

hidroqsidi TiO(OH)2·xH2O, romlis frTxili gaxurebiT warmoiqmneba TiO2. 
hidroqsidi TiO(OH)2·xH2O da TiO2 amfoterulebia. TiO2 xangrZlivi duRilis 
pirobebSi gogirdmJavasTan Sedis reaqciaSi, xolo tute metalTa karbo-
natebTan (Na2CO3 da K2CO3) SelRobisas Sesabamis titanatebs warmoqmnis: 

TiO2 + K2CO3→ K2TiO3 + CO2↑ 
titanisaTvis naerTebSi tipuria +4 JangviTi ricxvi _ TiO2, TiF4, FeTiO3, 

CaTiO3 da sxv., Tumca cnobilia titanis naerTebi misi atomis +2 da +3 
JangviTi ricxviT _ TiO, Ti2O3, TiF2, TiF3, romlebic sakmaod mdgradi 
naerTebia. titanis naerTebs +2 (TiO, TiF2, TiCl2) da +3 JangviTi ricxviT 
{[Ti(OH2)6]3+, [TiF6]3-, Ti2O3, TiCl3} axasiaTebT 6 koordinaciuli ricxvi da  
oqtaedruli struqtura; titanis naerTebs +4 JangviTi ricxviT axasiaTebs 
rogorc tetraedruli (TiCl4, BaTiO3), aseve oqtaedruli  (TiF6

2-, TiO2, CaTiO3 
da sxv.) struqtura. 

TiO2 da titanis tetraqloridi (TiCl4) maRal temperaturaze (1200 da 
650°C-ze) aRdgebian Ti(III) Sesabamisi naerTebis warmoqmniT:  

2TiO2 + H2 → Ti2O3 + H2O 
2TiCl4 + H2 → 2TiCl3 + 2HCl 

Ti(IV)-is naerTebis eleqtroqimiuri an qimiuri aRdgeniT wyalxsnarebSi 
warmoiqmneba titanis iisferi akvakompleqsi Ti(OH2)6]3+. 

martivi tipis struqturebs titani warmoqmnis mxolod arawyal-
xsnarebSi. aseTi reaqciebis magaliTia titanis tetraqloridis (TiCl4) 
urTierTqmedeba SO3-Tan Txevad sulfurilis qloridSi (SO2Cl2): 

TiCl4 + 4SO3 → Ti(SO4)2 + 2SO2Cl2 
 

gamoyeneba: titani farTod gamoiyeneba teqnikaSi, medicinaSi, 
sayofacxovrebo daniSnulebiT (saaTebis da laq-saRebrebis warmoebaSi) 
da sxv. mis gamoyenebas ganapirobebs Semdegi faqtorebi: 

- didi bunebrivi resursebi; 
- maRali koroziamedegoba, antioqsidanturi Tvisebebi  da simtkice; 
- simsubuqe da sxva metalebTan unikaluri Tvisebebis Senadnobebis 

warmoqmnis unari. 
titani saraketo, saaviacio, saavtomobilo da gemTmSeneblobisa da 

sxvadasxva sakonstruqcio nagebobebis mniSvnelovan metals warmoadgens. 
unikaluri Tvisebebi gaaCnia titanis Senadnobebs rkinasTan (korozia-
medegi da mtkice foladebi), aluminTan (duralumini), nikelTan (niti-
noli) da sxv. igi gamoiyeneba medicinaSi osteoprotezebis dasamzadeb-
lad. TeTri feris titanis dioqsidi (TuTiis TeTra) ki saRebrebis 
dasamzadeblad. titanorganuli naerTebi tetrabutoqsititani Ti(OC4H9)4 
gamoiyeneba sxvadasxva polimeruli kompoziciebis gamyarebis kataliza-
torebad da danamatebad da a.S. 

 
 
 
 
 
 

http://ru.wikipedia.org/wiki/%D0%90%D0%BC%D1%84%D0%BE%D1%82%D0%B5%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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meTormete Tavi 
 

 qromi 
 
 

qromi VIBB jgufis d elementia (aRmoaCina luis vokelenma 1797 
wels). 4s orbitalze aqvs erTi eleqtroni. misi savalento orbitalebis 
eleqtronuli konfiguraciaa – 3d54s1.   

 

3d

4s

 
 

misTvis, rogorc d-elementisTvis, 4s-Tan erTad savalentoa 3d-
orbitalebic, radgan d-elementebi xasiaTdebian (n-1)d, ns da np orbita-
lebis energetikuli siaxloviT. aqedan gamomdinare, naerTebSi qromi 
cvalebad JangviT ricxvebs avlens: +2, +3 da +6, romelTaganac 
qromisaTvis yvelaze damaxasiaTebelia +3, radgan mas pasuxobs mdgradi 
eleqtronuli konfiguracia d3, koordinaciuli ricxvi 6 da ligandebis 
aradamaxinjebuli oqtaedruli konfiguracia. am SemTxvevaSi 3d-eleqtro-
nebi Tanabrad nawildeba aramakavSirebul samjer gadagvarebul moleku-
lur orbitalebze, rac energetikulad yvelaze xelsayrelia. mas Seesa-
bameba spinebis jamis maqsimaluri mniSvneloba 3 x ½ = 3/2 (hundis wesis 
mixedviT) da kristaluri velis stabilizaciis maqsimaluri energia. 

 

bunebaSi gavrceleba: qromi ar miekuTvneba pasiur elementebs, amitom 
bunebaSi gavrcelebulia mxolod naerTebis saxiT. misi bunebrivi 
naerTebidan mniSvnelovania qromovani rkinaqva – FeO•Cr2O3 anu Fe(CrO2)2, 
saidanac qroms naxSirbadiT aRdgeniT Rebuloben: 

 

FeCr2O4 + 4C → Fe + 2Cr + 4CO 
 

am meTodiT ar xerxdeba sufTa qromis miReba, miiReba feroqromi. 
feroqromi gamoiyeneba specialuri daniSnulebis qromiani foladis 
misaRebad. qromis damateba mniSvnelovnad zrdis foladis simtkices da 
qimiur mdgradobas. aseTi foladebi gamoiyeneba saWreli instrumentebis 
dasamzadeblad. qromi gamoiyeneba agreTve, rogorc metalTa nakeTobebis 
antikoroziuli safari.  

sufTa qroms mravalsafexuriani teqnologiiT Rebuloben: 
1. natriumis qromatis miReba rkinis qromitis haeris Jangbadis 

Tanaobisas sodasTan SelRobiT: 
4FeO•Cr2O3 + 8Na2CO3 + 7O2 → 8 Na2CrO4 + 2Fe2O3  + 8CO2↑ 

 

2. Senadnobidan gamoyofili natriumis qromatis gardaqmna diqro-
matad:  

2Na2CrO4 + H2SO4 → Na2Cr2O7 + Na2SO4 + H2O 
 

3. natriumis diqromatis aRdgena Cr2O3-mde: 
Na2Cr2O7 + 2C → Cr2O3 + Na2CO3 + CO 

 

4. Cr2O3-dan  qromis miReba  aluminTermiiT: 
Cr2O3 (k) +2Al (k) → 2Cr (k) + Al2O3 (k)  

(∆Gº298 = 523 kj/moli) 
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qromisTvis damaxasiaTebelia maRali simkvrive, maRali lRobis 
temperatura da atomizaciis enTalpiis didi mniSvneloba, rac ganpirobe-
bulia misTvis damaxasiaTebeli heqsagonaluri kristaluri struqturiT 
da am struqturis Semadgeneli atomebis urTierTkavSirSi d 
eleqtronebis monawileobiT. 

 

qimiuri Tvisebebi: qromi metalTa standartuli potencialebis 
(eleqtroqimiuri Zabvis) mwkrivSi wyalbadis marcxniv mdebareobs. Hhaerze 
dafarulia Txeli, mtkice oqsiduri afskiT (SeadareT alumins), romelic 
mas gaxurebis pirobebSic ki icavs Semdgomi daJangvisaagan xolo mis 
nakeTobebs, JangviTi da TermoJangviTi koroziisagan. qroms civi konc. 
gogirdmJava da azotmJava apasiurebs, samagierod, kargad “ixsneba” ganza-
vebul marilmJavasa da gogirdmJavaSi Cr(II)-is marilebis warmoqmniT da 
wyalbadis gamoyofiT: 

Cr + 2HCl → CrCl2 + H2↑ 
 

qromis TiTqmis yvela naerTi Seferilia (“qromos” berZnulad fers 
niSnavs) da zogierTi maTgani gamoiyeneba mineraluri saRebrebis dasamza-
deblad.  

qromi misi qvejgufis metalebis (molibdeni da volframi) msgavsad, 
gansakuTrebiT wvrildispersiul mdgomareobaSi, sakmaod advilad urTi-
erTqmedebs (iJangeba) bevr arametalTan. JangbadTan gaxurebisas warmoqm-
nis Cr2O3-s: 

2Cr (k) + 1,5 O2 (a) → Cr2O3 (k) 
Cr2O3-isa (∆Gº298 = 105,9 kj/moli) da CrO3-is (∆Gº298 = 506 kj/moli) 

warmoqmnis jibsis energiebis mniSvnelobaTa Sedareba cxadyofs CrO3-Tan 
SedarebiT Cr2O3-is warmoqmnis maRal albaTobas. 

qromi warmoqmnis rogorc kationur, ise anionur kompleqsebs, 
amasTan, misTvis, rogorc d-metalisTvis, dabali JangviTi ricxviT damaxa-
siaTebelia kationuri kompleqsebis warmoqmna, xolo maRali JangviTi 
ricxvis SemTxvevaSi gazrdilia anionuri kompleqsebis warmoqmnis 
tendencia.  
 

qromis naerTebi: nulovani JangviTi ricxviT qromisTvis damaxasia-
Tebelia kompleqsebis warmoqmna σ-donorul da π-aqceptorul ligan-
debTan. mag., naxSirbadis monooqsidTan (CO) qromi warmoqmnis karbonils 
[Cr(CO)6]. 

rogorc cnobilia, lingadebis oqtaedruli garemocvisas xdeba d 
orbitalebis gadagvarebulobis moxsna. energetikulad xelsayreli xdeba 
dxy, dxz da dyz  orbitalebi, xolo dx2-y2 da dz

2 _ energetikulad 
araxelsayrelia.  

CO aris Zlieri velis warmomqmneli ligandi, amitom kristaluri 
velis stabilizaciis energia sakmarisia eleqtronebis gasawyvileblad, 
ris Sedegadac qromis eqvsi eleqtroni ikavebs energetikulad xelsayrel 
3d orbitalebs: 

 

Cr(0)  d6

π-bmebi

Cr CO

σ-bmebi

Cr CO  
sqema 11.  
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 CO-s molekulaSi ori aramakavSirebeli σ orbitali dakavebulia 
aramakavSirebeli wyvili eleqtroniT, romelTagan erTi ekuTvnis 
Jangbadis, xolo meore _ naxSirbadis atoms. eleqtronuli wyvili σ2

C 

energetikulad ufro xelsayrelia, vidre σ2
O. amitom karbonilebSi CO 

metals naxSirbadis atomis eleqtronebiT ukavSirdeba. qromis 6 Tavisu-
fali orbitalis (d2sp3) da naxSirbadis aramakavSirebeli wyvili eleqt-
ronebis xarjze xdeba 6σ CO→Cr bmis warmoqmna. miiReba Cr(CO)6. am 
molekulis stabilizacia xdeba π-datiuri urTierTqmedebiT Cr→CO, 
romelSic monawileobs qromis atomis 3d-wyvilebi da CO-s Tavisufali 
orbitalebi.   

 

naerTebi +2 JangviTi ricxviT: Cr+2-is yvela naerTi Zlieri da 
swrafadmoqmedi aRmdgenia, ris Sedegadac gadadis Cr+3 mdgomareobaSi 
(sqema 12): 

 

 

πd

σdCr+2

-e

Cr+3

πd

 
sqema 12. 

 

Cr+2-is Cr+3-Si gadasvla dakavSirebulia gamTiSavi orbitalidan 
eleqtronis dakargvasTan, rac sistemis stabilizacias uwyobs xels. 

qromis naerTebi (+2) JangviTi ricxviT miiReba misi gaxsniT 
ganzavebul marilmJavasa da gogirdmJavaSi Jangbadis gamoricxvis 
pirobebSi: 

Cr + 2HCl → CrCl2 + H2↑ 
agreTve qromis moqmedebiT halogenwyalbadebTan daaxloebiT 600-

700°C (iodwyalbadis garda). CrJ2 da CrS maRal temperaturaze uSualo 
urTierTqmedebiT miiReba. 

Cr2+ -is naerTebi miiReba agreTve wyalbadiT (gamoyofis momentSi) 
Cr+3-is naerTebis aRdgeniT: 

2CrCl3 + H2 → 2CrCl2 + 2HCl 
Cr2+ -is naerTebi haeris gamoricxvis pirobebSi unda inaxebodes, 

haerze isini advilad iJangebian:  
4CrCl2 + O2 + 4HCl → 4CrCl3 + 2H2O 

mJangavis gamoricxvis pirobebSi maT wyalic ki Jangavs: 
Cr2+ is marilebze tutis moqmedebiT ileqeba yviTeli feris Cr(OH)2, 

romelic ar aris amfoteruli, mxolod mJavebTan Sedis reaqciaSi: 
Cr(OH)2 + 2H3O+ + 2H2O  → [Cr(H2O)6]2+ 

Cr2+-is akvaioni cisferia, aseTive feri aqvs Sesabamis kristal-
hidratebs, mag., Cr(ClO4)2 • 6H2O, CrSO4 • 5H2O da sxv. 

Cr+2-is halogenidebi, oqsidi da hidroqsidic koordinaciuli 
naerTebia. Cr+2 warmoqmnis amiakatebsac. Cr+2-is halogenidebi sakmaod 
advilad STanTqaven amiaks amiakaturi kompleqsebis [Cr(NH3)6]Cl2 
warmoqmniT. 

Cr+2-is kompleqsebSi koordinaciuli ricxvi 6-is tolia da 
kompleqsebs damaxinjebuli oqtaedris forma aqvs. ligandis oTxi 
molekula ufro metad aris centralur atomTan dakavSirebuli, vidre 
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danarCeni ori. mag., CrCl2-is kristalSi Cr+2-gan qloris oTxi atomis 
daSoreba 0,2396 nm-ia, orisa ki – 0,290 nm (sqema 13). rogorc cnobilia, es 
movlena ian-teleris efeqtis saxelwodebiT aris cnobili.    

Cr+2-Si ori gamTiSavi orbitalidan erTze aris erTi eleqtroni, 

meore ki Tavisufalia, amitom 
σ

x2-y2
mak.

 orbitalebiT warmoqmnili bmebi 

ufro mtkicea da bmis sigrZe ufro naklebi, vidre 
σ

z2
mak.

. e.i. 
kompleqswarmomqmnelTan ligandis oTxi molekula xy sibrtyeSi 
erTnairad aris dakavSirebuli, ori ki _ gansxvavebulad.  
 

Cr

Cl

Cl

Cl

Cl
Cl

Cl
Cr

Cl
Cl

Cl

Cl
0,2396 nm

0,
29

0  
n
m

 
 

sqema 13. 
 

Cr+2  anionur kompleqsebs ar warmoqmnis.  
 

qromis naerTebi Cr+3-is JangviTi ricxviT: qromis oqsidi Cr2O3 mwvane 
feris fxvnilia. Al2O3-is msgavsi oqtaedrul-tetraedruli kristaluri 
struqtura aqvs, Zalian Znelad lRobadia (2265°C), qimiurad inertulia. 
ar ixsneba wyalSi, Cveulebriv temperaturaze arc mJava moqmedebs masze 
da arc tute. reaqciaSi mxolod maRal temperaturaze SelRobiT Sedis. 
misi amfoteroba vlindeba maRal temperaturaze tutesTan, fuZe 
oqsidebTan da tute metalebis pirosulfatebTan mimdinare reaqciebiT: 

Cr2O3 + 2NaOH → 2NaCrO2 + H2O 
Cr2O3 + CaO → Ca(CrO2)2 

Cr2O3 + 3K2S2O7 → 3K2SO4 + Cr2(SO4)3 
 

K2S2O7 → K2SO4 + SO3 
Cr2O3 + SO3 → Cr2(SO4)3 

tutesTan da fuZe oqsidebTan SelRobiT qromitebi miiReba. 
qromitebi ZiriTadad orvalentiani metalebisTvis aris damaxasiaTebeli. 
maTi zogadi formulaa M(CrO2)2. isini metaqrommJavas HCrO2 marilebia. 
swored aseTi marilia rkinis bunebrivi qromiti Fe(CrO2)2, romelic 
qromis erT-erTi yvelaze gavrcelebuli mineralia. d-metalebis 
qromitebi koordinaciuli polimerebia.  

Cr2O3 laboratoriaSi amoniumis diqromatis Termuli daSliT 
Rebuloben: 

(NH4)2Cr2O7 →  N2↑ + Cr2O3 + 4H2O 
K2Cr2O7 + 2NH4Cl →  2KCl + Cr2O3  + N2↑ + 4H2O 

Cr+3-is halogenidebi pirdapiri urTierTqmedebiT miiReba, magram 
CrCl3-s praqtikulad Semdegi reaqciiT Rebuloben: 

Cr2O3 + 3C + 3Cl2 → 2CrCl3 + 3CO↑ 
CrCl3 mowiTalo-iisferi kristalebia. wyalSi cudad ixsneba. aseve 

cudad ixsneba wyalSi Cr2(SO4)3. maT polimeruli struqturebi aqvT. struq-
turiT maTgan gansxvavdeba Sesabamisi kristalhidratebi, romlebic 



 138

wyalSi kargad ixsnebian. Cr2(SO4)3 miiReba diqromatebiT mJava areSi 
Jangvisas: 

3Na2SO3 + K2Cr2O7 + 4H2SO4 → 3Na2SO4 + Cr2(SO4)3 + K2SO4 + 4H2O 
misi miReba SeiZleba agreTve Semdegi reaqciiT: 

2H2CrO4 + 3H2SO3 → Cr2(SO4)3 + 5H2O 
ganxiluli reaqcia ori mJavis urTierTqmedebiT tipuri marilis 

warmoqmnis iSviaT reaqciaTa ricxvs miekuTvneba.  
Cr+3-is marilebi ZiriTadad Seferilia molurjo-iisferad, rac 

[Cr(H2O)6]3+ akvaionis damaxasiaTebeli feria. 
aRniSnul JangviT ricxvs Seesabameba isev 6 koordinaciuli ricxvi, 

mxolod Cr+2-gan gansxvavebiT, maT wesieri oqtaedris forma aqvT. Cr+3-is 
oqtaedrul kompleqsebSi savalento eleqtronebi mxolod aramakavSi-
rebul orbitalebzea, gamTiSav orbitalebze ki eleqtronebi ar aris. d3 
konfiguraciis gamo naerTebi paramagniturebia.    

temperaturis, koncentraciis an xsnaris pH-is cvlilebisas 
kationuri akvakompleqsebis feri icvleba, rac maTi Sedgenilobis 
SecvlasTan aris dakavSirebuli: 

    [Cr(H2O)6]Cl3                                                        [Cr(H2O)5Cl]Cl2•H2O 
molurjo-iisferi;                Ria-mwvane; 

 [Cr(H2O)4Cl2]Cl•2H2O 
muqi-mwvane 

 

aRniSnuli naerTebi kompleqsebisTvis damaxasiaTebel hidratul 
izomerebs warmoadgenen. erTmaneTisgan kompleqsis Sida da gare sferos 
Soris wylis molekulebis ganawilebiT gansxvavdebian.  

Cr+3-is marilebze tutis moqmedebiT ileqeba Cr(OH)3-is monacrisfro-
lurji naleqi:  

CrCl3 + 3NaOH → Cr(OH)3↓ + 3NaCl 
Cr(OH)3-s aqvs cvladi Sedgeniloba – Cr2O3•xH2O. is aris mraval-

birTviani fenovani polimeri, romelSic ligandebia OH⎯-ionebi da wylis 
molekulebi, makavSirebeli xidakebis rolSic OH⎯-ionebi gamodis. axlad 
daleqili Cr(OH)3 tuteSic ixsneba da mJavaSic, igi amfoteruli 
hidroqsidia: 

   Cr(OH)3 + 3H3O+ → [Cr(H2O)6]3+   (kationuri kompleqsi) 
Cr(OH)3 + 3OH⎯→ [Cr(OH)6]3-     (anionuri kompleqsi) 

dayovnebisas Cr(OH)3-is struqtura icvleba, igi polimerul formaSi 
gadadis da qimiurad inertuli xdeba. 

Cr+3-is naerTebidan gansakuTrebiT aRsaniSnavia Sabebi, Cr2(SO4)3-is 
erTvalentiani metalebis sulfatebTan erTad gamoleqvisas miiReba 
qromis Sabebi: MCr(SO4)2•12H2O, sadac M=K, Na, NH4. 

maTi struqtura dadgenilia rentgenostruqturuli analiziT:  
[M(H2O)6] [Cr(H2O)6](SO4)2. 

Sabebi gamoiyeneba safeiqro mrewvelobasa da tyavis warmoebaSi.  
Cr+3 marilebi hidrolizs ganicdian, rac Cr(OH)3-is sust fuZe 

Tvisebebze miuTiTebs. aqedan gamomdinare, Cr+3 marilebi sust mJaveebTan 
marilTa wyalxsnarebis urTierTqmedebiT ar miiReba.  

2CrCl3 + 3Na2S + 6H2O → 2Cr(OH)3 + 3H2S↑ + 6NaCl 
2CrCl3 + 3Na2CO3 + 3H2O → 2Cr(OH)3 + 3CO2↑ + 6NaCl 

Cr+3-Tvis cnobilia aminokompleqsebic – [Cr(NH3)6]3+. amiakatebi myar 
mdgomareobaSi mdgradia, wyalxsnarebSi ki advilad iSlebian:  

[Cr(NH3)6]Cl3 + 3H2O  ↔ Cr(OH)3 + 3NH4Cl + 3NH3 
amitom amiakatebs arawyalxsnarebSi an Txevad amiakSi inaxaven. 
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Cr+3-Tvis miRebulia halogenokompleqsebic: 
CrCl3 + 3KCl  → K3[CrCl6] 

 [CrCl6]3- mwvane feris anionia. 
Cr+3-is naerTebi Zlieri mJangavebis moqmedebiT Cr+6-mde iJangebian: 

Cr2O3 + 3NaNO3 + 2Na2CO3  → 2Na2CrO4 + 3NaNO2 + 2CO2↑ 
2K3[Cr(OH)6] + 3Br2 + 4KOH  → 2K2CrO4 + 6KBr + 8H2O 

 

qromis naerTebi +6 JangviTi ricxviT: CrO3, H2CrO4, H2Cr2O7 da maTi 
marilebi. 

CrO3 mJava oqsidia, wiTeli feris nemsiseburi kristalebi, miiReba 
K2Cr2O7 najer xsnarebze konc. gogirdmJavas moqmedebiT: 

K2Cr2O7 + H2SO4 konc. → 2CrO3 + K2SO4 + H2O 
CrO3-is wyalSi kargad ixsneba qrommJavas warmoqmniT: 

CrO3 + H2O → H2CrO4 
CrO3 Zlieri mJangavia. spirti masTan Sexebisas aldeba. 
Cr+6-is marilebi – qromatebi da biqaromatebi miiRebian Cr+3-is 

marilebis daJangviT.  
H2Cr2O7 aris umartivesi warmomadgeneli izopoliqrommJavebisa: 

diqrommJava, triqrommJava, tetraqrommJava. maTi marilebi poliqromate-
bia. Sedgenilobis garTulebasTan erTad am mJavebis siZliere izrdeba. 
qromis mJavaze Zlieria diqrommJava da a.S. izopoliqrommJavebis zogadi 
formula SeiZleba ase warmovadginoT mH2O· nCrO3, roca m=n=1, miiReba 
qrommJava H2CrO4; m=1, n=2. H2Cr2O7 orqrommJava da a.S. zRvruli SemTxveva, 
roca n→∞, aris CrO3. 

diqromatebis wyalxsnars mJava reaqcia aqvs diqromationis wyalTan 
urTierTqmedebis gamo: 

Cr2O7
2- + H2O 2HCrO4

- 2H+ + CrO4
2-

 
mJavas damatebisas wonasworoba gadainacvlebs Cr2O7

2⎯-is mxares, xolo 
tutis damatebisas – CrO4

2⎯-is mxares, e.i. mJava da neitralur garemoSi 
mdgradia diqromat-ionebi (narinjisferi), xolo tute garemoSi – qromat-
ionebi (yviTeli): 

2K2CrO4+ 2HCl → K2Cr2O7 + 2KCl + H2O 
K2Cr2O7 + 2KOH → 2K2CrO4 + H2O 

Cr+6 Zlieri mJangavia, Jangavs rogorc mJava, ise neitralur da tute 
garemoSi. magram yvelaze Zlieri mJangavi mJava garemoSia.  

K2Cr2O7 + 3H2S + 4H2SO4 → Cr2(SO4)3 + 3S↓ +K2SO4 + 7H2O 
K2Cr2O7 +16HCl → 2KCl + 2CrCl3 + 3Cl2 + H2O 

K2Cr2O7 + 3SO2 + H2SO4 → Cr2(SO4)3 + K2SO4 + H2O 
K2Cr2O7 + 3(NH4)2S + H2O →  2Cr(OH)3 + 3S↓ + 6NH3 + 2KOH 

2K2CrO4 + 3(NH4)2S + 2KOH + 2H2O → 2K3[Cr(OH)6] + 3S↓ + 6NH3↑ 
Cr+6-is halogennawarmebi miRebuli ar aris. gamoyofilia mxolod 

oqsohalogenidebi: CrO2Cl2 da CrO2F2. isini H2CrO4-is (qrommJava) halogen-
anhidridebs warmoadgenen. CrO2Cl2 _ wiTeli feris siTxea, miiReba NaCl-is 
da K2Cr2O7-is narevis konc. H2SO4-iT Sesvelebisas gacxelebis pirobebSi: 

K2Cr2O7 + H2SO4→ K2SO4 + 2CrO3 + H2O 
NaCl + H2SO4→ NaHSO4 + HCl  
CrO3 + 2HCl → CrO2Cl2 + H2O  

CrO2Cl2  wyliT advilad iSleba qrommJavas warmoqmniT: 
CrO2Cl2 + 2H2O → H2CrO4 + 2HCl 

fToris moqmedebiT CrO2Cl2 -dan CrO2F2-s miiReba: 
CrO2Cl2 + F2 → CrO2F2 + Cl2 
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mecamete Tavi 
 

manganumi 
 
 

manganumi VII jgufis d-elementia. manganumi aRmoaCina Svedma mecnierma 
iohan hanma 1774 wels. misi atomis savalento orbitalebis eleqtronuli 
konfiguracia Semdegnairad gamoisaxeba: 

  

n=4

n=3
s

p
d

25Mn [Ar]3d54s2

 
 

misTvis, rogorc d-elementisTvis, savalentoa 4s2 da 3d5 eleqtronebi. 
ionizaciis I energiis mniSvneloba maRalia, rac aixsneba 4s2 Sevsebuli 
orbitaliT da 4s eleqtronebis birTvisken SeRwevis efeqtiT, ris gamoc 
es eleqtronebi 3d5 orbitalebze ganlagebuli eleqtronebis 
maekranirebeli gavlenis qveS xvdebian. ionizaciis II energia mcirea, rac 
d5 konfiguraciis mdgradobas ukavSirdeba. naerTebSi manganumi avlens +2, 
+3, +4, +6 da +7 JangviT ricxvebs. JangviTi ricxvebis mravalferovnebis 
gamo manganumisaTvis damaxasiaTebelia mkveTrad gansxvavebuli Jangva-
aRdgeniTi unaris mqone naerTebi. Mn+2 -is naerTebi Zlieri aRmdgenebia, 
Mn+7 ki _ Zlieri mJangavebi. JangviTi ricxvebis mravalferovneba gana-
pirobebs agreTve manganumis naerTebis fuZe-mJavuri Tvisebebis 
mniSvnelovan gansxvavebasac. es kanonzomiereba kargad Cans Semdegi 
naerTebis (hidroqsidebis) Sedarebidan, rac elementis JangviT ricxvze 
hidroqsidebis bunebis damokidebulebis TvalsaCino magaliTs 
warmoadgens: 

 

Mn(OH)2                        Mn(OH)3                  Mn(OH)4                        H2MnO4                       HMnO4 
saSualo     susti fuZe    amfoteruli    hipoTeturi  Zlieri mJava 
siZlieris                   hidroqsidi        mJava 
fuZe                                        

 

bunebaSi gavrceleba: manganumi bunebaSi naerTebis saxiT aris 
gavrcelebuli. misi yvelaze mniSvnelovani madania (mineralia) 
piroluziti _ MnO2, romelic saqarTveloSic (WiaTura) moipoveba. 
bunebaSi gavrcelebulia agreTve brauniti _ Mn2O3 da hausmaniti _ Mn3O4, 
Tumca piroluzitTan SedarebiT mcired. 

 

miReba: manganums ZiriTadad misi oqsidebis aRdgeniT Rebuloben 
(siliciumi an koqsi): 

MnO2 + Si → Mn + SiO2 
MnO2 + 2C → Mn + 2CO 

aRsaniSnavia, rom am meTodiT sufTa manganumi ar miiReba. sufTa 
manganumis miReba SesaZlebelia bunebrivi oqsidis aRdgeniT Mn+2-mde da 
Semdgom, aRdgenis produqtis gogirdmJavaSi gaxsniT miRebuli MnSO4-is 
wyalxsnaris eleqtroliziT (hidrometalurgia): 

2MnSO4 + 2H2O → 2Mn + 2H2SO4 + O2↑ 
miRebuli manganumis 90% moixmareba legirebuli (koroziamedegi da 

magari) foladebis warmoebaze, amitom madnebidan Rebuloben ara sufTa 
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manganums, aramed mis rkinasTan Senadnobs _ feromanganums, romlis Sed-
genlobaSi manganumi 70-90%-ia.  

fizikuri Tvisebebi: sufTa manganumi movercxlisfro-TeTri metalia. 
misi zedapiri Txeli oqsiduri afskiT aris dafaruli, romelic mas 
Semdgomi daJangvisgan icavs. wvrilad dispergirebuli manganumi sakmaod 
energiulad iJangeba, aqtiurad urTierTqmedebs halogenebTan Sesabamisi 
marilebis warmoqmniT. sxva arametalebTan (gogirdi, azoti, fosfori, 
naxSirbadi, siliciumi) gaxurebiT urTierTqmedebs. wyalbadi kargad 
“ixsneba” manganumSi, magram masTan uSualod qimiur naerTs (hidrids) ar 
warmoqmnis. manganumi eleqtroqimiuri Zabvis mwkrivSi (standartuli 
eleqtroduli potencialebis mwkrivSi) wyalbadis marcxniv mdebareobs, 
amitom is sakmaod energiulad reagirebs ganzavebul mJavebTan wyalbadis 
gamoyofiT da vardisferi akvakompleqsuri kationis _ [Mn(H2O)6]2+ 

warmoqmniT.  
 

manganumis naerTebi nulovani JangviTi ricxviT: manganumi σ-donorul 
da π-aqceptorul ligandebTan warmoqmnis kompleqsebs misi atomis 
nulovani JangviTi ricxviT. IV periodis d-metalebisgan gansxvavebiT, Mn 
CO-sTan warmoqmnis orbirTvian klasterul karbonilur kompleqss − 
Mn2(CO)10 (yviTeli feris nivTiereba, lR.t. 155ºC) (sqema 14):   

 

Mn        Mn

CO

CO CO

CO

CO

CO

C

CO

CO

OCO  
 

sqema 14. 
 

am kompleqsSi manganumis ori atomi erTmaneTTan dakavSirebulia σ-
bmiT maTi TiTo gauwyvilebeli eleqtronis xarjze, romelic mis atomSi 
rCeba manganumis pentakarbonilis [Mn(CO)5] radikalis warmoqmnis Semdeg 
(e.i. adgili aqvs pentakarboniluri radikalis dimerizacias stabiluri 
klasteruli kompleqsis, Mn2(CO)10-is warmoqmniT).  

manganumis karbinoluri kompleqsis stabilizacia miiRweva Mn←CO-s 
π-datiuri urTierTqmedebiT, romelSic monawileobs manganumis 3d-
eleqtronebi da CO-s Tavisufali πgamT- orbitalebi.   

Mn(O)d7

3d 4s 4p

 
                       π-bmebi         σ-bma                   σ-bmebi (dsp3 hibridizacia) 
            Mn→CO             Mn−Mn                                    Mn←CO                                     

 
sqema 15 

 

manganumis naerTebi +2 JangviTi ricxviT: yvelaze mravalricxovani 
naerTebi manganums aRniSnuli JangviTi ricxviT axasiaTebs. Mn+2-ionebi 
wyalxsnarSi imyofeba mJangavebis mimarT mdgradi vardisferi 
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akvakompleqsis [Mn(H2O)6]2+ saxiT, romlis warmoqmna ganz. mJavebTan 
manganumis moqmedebisas Semdegi sqemiT gamoisaxeba: 

Mn + 2H3O+ + 4H2O → [Mn(H2O)6]2+ + H2↑ 
aRniSnuli ionebi mJava da neitralur garemoSi sakmaod mdgradia 

mJangavebis mimarT.  es marilebi miiReba agreTve ganz. mJavebSi manganumis 
dioqsidis gaxsnisas:  

MnO2 + 4HCl → MnCl2 + Cl2 + 2H2O 
aRsaniSnavia, rom MnO2-ze ganz. gogirdmJava ar moqmedebs, magram 

cxeli konc. gogirdmJava mas advilad gardaqmnis MnSO4-is warmoqmniT da 
Jangbadis gamoyofiT: 

2MnO2 + 2H2SO4 → 2MnSO4 + O2 + 2H2O 
Mn+2-is marilebi wyalxsnarebidan gamoiyofa vardisferi kristal-

hidratebis saxiT, mag., MnCl2•4H2O, Mn(NO3)2•6H2O, Mn(ClO4)2•6H2O; Mn+2-is 
damaxasiaTebeli koordinaciuli ricxvi 6-is tolia, xolo konfiguracia 
_ oqtaedruli. Mn+2-is naerTebi (d5 konfiguraciis gamo) paramagnituria. 
Mn+2-is im kristalhidratebSi, sadac wylis molekulebis ricxvi 6-ze 
naklebia, ligandis rols marilis anionebi (mag., MnCl2•4H2O) asrulebs. 

MnO2-is wyalbadis nakadSi gaxurebiT warmoiqmneba wyalSi uxsnadi, 
mwvane feris MnO, romelic mJavebTan reaqciebSi avlens fuZe oqsidebis 
damaxasiaTebel Tvisebebs: 

MnO + 2H3O+ + 3H2O → [Mn(H2O)6]2+ 
Mn+2-is marilebis wyalxsnarebze tuteebis moqmedebiT ileqeba 

Mn(OH)2-is TeTri feris naleqi: 

MnSO4 + 2NaOH → Mn(OH)2↓ +  Na2SO4  
Mn(OH)2 mJavebSi advilad ixsneba Sesabamisi akvakompleqsis 

warmoqmniT: 
Mn(OH)2 + 2H3O+ + 2H2O → [Mn(H2O)6]2+ 

tuteebTan MnO da Mn(OH)2 mxolod xangrZlivi da Zlieri 
gacxelebisas urTierTqmedebs anionuri kompleqsis warmoqmniT: 

Mn(OH)2 + 4OH⎯ → [Mn(OH)6]4- 

hidroqsomanganatebidan Tavisufal mdgomareobaSi gamoyofilia  
K4[Mn(OH)6] da Ba2[Mn(OH)6]. es naerTebi wyalxsnarebSi mTlianad iSleba, 
rac maT sust mJava bunebaze metyvelebs.  

Mn+2-is naerTebis wyalxsnarebisaTvis damaxasiaTebelia susti 
mJavuri buneba, rac tute metalebis igive tipis naerTebTan reaqciaSi 
Sesvlis unarSi vlindeba: 

4KCN + Mn(CN)2 → K4[Mn(CN)6] 
2KCl + MnCl2 → K2[MnCl4] 

4KF + MnF2 → K4[MnF6]  
magram cianokompleqsebis garda es naerTebi yvela aramdgradia da 

xsnaris ganzavebisas iSleba. 
Mn(OH)2 Cveulebriv pirobebSi haeris JangbadiT iJangeba: 

2Mn(OH)2 + 2H2O + O2 → 2Mn(OH)4 
Mn+2-is marilebi tute areSi Zlieri mJangavebiT manganatamde 

iJangebian (reaqcia midis maRal temperaturaze moreagire nivTierebaTa 
SelRobis pirobebSi): 

3MnSO4 + 2KClO3 + 12KOH → 3K2MnO4 + 2KCl + 3K2SO4 + 6H2O 
xolo iseTi Zlieri mJangavi, rogoricaa PbO2, mJava areSi Mn+2-s Mn+7-

mde Jangavs: 
2MnSO4 + 5PbO2 + 6HNO3 → 2HMnO4 + 3Pb(NO3)2 +2PbSO4+ 2H2O 
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Mn+2-is marilebis wyalxsnarebze amoniumis sulfidis moqmedebiT 
gamoiyofa MnS•xH2O-is xorcisferi amorfuli naleqi, romelic haerze 
dayovnebisas, haeris JangbadiT daJangvis gamo, mura fers iRebs:  

MnS + O2  + 2H2O → Mn(OH)4 + S 
manganumis naerTebi +3 JangviTi ricxviT: Mn+3-is naerTebidan 

cnobilia bunebrivi minerali brauniti _ Mn2O3 da MnF3. es ukanaskneli 
miiReba ori xerxiT: 

1.  Mn2O3-ze HF-is moqmedebiT: 
Mn2O3 + 6HF → 2MnF3 + 3H2O 

2.  MnF2-is fToriT daJangviT: 
2MnF2 +F2 → 2MnF3 

MnF3 wyliT iSleba: 
2MnF3 + 2H2O → MnO2 + MnF2 + 4HF 

MnF3-is SenarCuneba xerxdeba mxolod fTorwyalbadmJavas (mlRobi 
mJava) areSi.   

MnF3 tute metalebis fToridebiT anionur kompleqsebad gardaiqmneba: 
KF + MnF3 → K[MnF4] 

amave dros SeiZleba warmoiqmnas K2[MnF6]-ic. 
 

manganumis naerTebi +4 JangviTi ricxviT: bunebrivi minerali 
piroluziti anu  manganumis dioqsidi − MnO2, manganumis naerTebs Soris 
yvelaze mniSvnelovani da qimiuri reagentebis mimarT mdgradi naerTia. 
Cveulebriv pirobebSi masze arc mJavebi moqmedebs da arc tuteebi. MnO2 
mJava oqsidis bunebas avlens tuteebTan da fuZe oqsidebTan maRal 
temperaturaze SelRobisas: 

MnO2 + CaO → CaMnO3 
manganumis dioqsidze ganzavebuli mJavebi ar moqmedebs. cxeli konc. 

marilmJava da gogirdmJavasTan reagirebs JangviTi ricxvis cvlilebiT, 
sadac gamodis mJangavis rolSi: 

MnO2 + 4HCl → MnCl2 + Cl2 + 2H2O 
2MnO2 + 2H2SO4 → 2 MnSO4 + O2 + 2H2O 

xsnarSi Mn+4 ionebi ar arsebobs. MnO2, rogorc iafi mJangavi 
teqnikaSi farTod gamoiyeneba. Zlieri mJangavebis moqmedebiT ki Tavad 
iJangeba: 

3MnO2 + KClO3 + 6KOH t 3K2MnO4 + KCl + 3H2O  
azotmJava MnO2-ze ar moqmedebs. aRmdgenis Tanaobisas ki warmoiqm-

neba Mn(NO3)2.  
rogorc cnobilia, MnO2 gamoiyeneba zogierTi reaqciis kataliza-

torad. wyalbadis peroqsidis daSla:  
2H2O2 → 2H2O + O2 

berToles marilis daSla:  
2KClO3 2KCl + 3O2  

mJava areSi ki wyalbadis peroqsidi reaqciaSi Sedis MnO2-Tan, 
rogorc aRmdgeni: 

MnO2 + H2O2  + H2SO4 →  MnSO4 + O2 + 2H2O 
manganumis naerTebi +6 JangviTi ricxviT: Mn+6 ramdenadme 

stabiluria [MnO4]2- saxiT.  am ionebis SenarCuneba xdeba xsnarSi tutis 
siWarbisas, sxva SemTxvevaSi ganicdis disproporcionirebas: 

2KMnO4 + MnO2 + 4KOH3K2MnO4 + 2H2O  
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tutis siWarbisas wonosworoba gadaxrilia marcxniv, rac xsnaris 
feris cvlilebaSi vlindeba. K2MnO4-is wyalxsanri dayovnebisas 
TandaTan icvlis fers, manganatis mwvane feri JolosferSi gadadis, 
amave dros mura feris naleqi MnO2 gamoiyofa, magram tutis damatebisas 
reaqciis Seqcevadobis gamo xsnari kvlav mwvane fers iRebs da naleqic 
ixsneba. ferebis aseTi cvlilebis gamo Seelem am marils mineraluri 
qameleoni uwoda. 

 
 

naxazi 31. manganat-ionis [MnO4]2- struqtura 
 
 

manganatebi, rogorc ukve aRvniSneT, Mn+2-is marilebze an MnO2-ze 
tute areSi Zlieri mJangavebis moqmedebiT miiReba: 

MnO2 + KNO3 + K2CO3
t K2MnO4 + KNO2 + CO2

MnO2 + KNO3 + 2KOH K2MnO4 + KNO2 +H2Ot
 

manganatebi qloriT permanganatamde iJangeba: 
2K2MnO4 + Cl2 → 2KMnO4 + 2KCl 

manganatebidan sufTa saxiT mxolod ori marilia gamoyofili _ 
K2MnO4 da Na2MnO4. 

manganatebi Zlieri mJangavebia, mJava garemoSi Mn+2-mde aRdgebian, 
neitralurSi ki _ MnO2-mde: 

K2MnO4 + 2Na2SO3 + 2H2SO4 MnSO4 + 2Na2SO4 + K2SO4 + 2H2O

K2MnO4 + Na2SO3 + H2O Na2SO4 + 2KOH + MnO2  
 

manganumis naerTebi +7 JangviTi ricxviT: oqsidi Mn2O7, oqsofToridi 

MnO3F da mdgradi oqsoanioni MnO4
-.  

Mn2O7 aramdgradi naerTia, zeTiseburi siTxea, miiReba KMnO4-ze konc. 
gogirdmJavas moqmedebiT: 

2KMnO4 + H2SO4 →  K2SO4 + Mn2O7  + H2O 
reaqcia midis Cveulebriv pirobebSi mcire raodenobiT konc. gogird-

mJavas damatebisas da frTxili morevis pirobebSi. Mn2O7 advilad iSleba: 
2Mn2O7 → 4MnO2 + 3O2 

amitom Zlieri mJangavia. 
MnO3F Txevadi nivTierebaa, mis molekulas tetraedris forma aqvs 

centrSi manganumis atomiT: 

Mn O

F

O

O

Mn O

F

O

O  
MnO3F mJavuri bunebis naerTia, wyliT hidrolizdeba manganummJavas 

warmoqmniT: 
MnO3F + H2O HMnO4 + HF  
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HMnO4-is xsnaris maqsimaluri koncentracia aris 20%, ufro maRali 
koncentraciis SemTxvevaSi iSleba: 

4HMnO4 4MnO2 + 2H2O + 3O2  
Mn+7-is naerTebidan yvelaze mniSvnelovania HMnO4-is marilebi 

permanganatebi, maT Soris ki KMnO4. misi wyalxsnari mowiTalo-iisferia, 
myari _ TiTqmis Savi. wyalSi didi raodenobiT ixsneba, Zlieri mJangavia 
da Zlieri madezinfeqcirebeli saSualebaa. Jangavs bevr organul da 
araorganul nivTierebas.  

Sedis ra Jangva-aRdgeniT reaqciebSi, KMnO4 xsnaris pH-gan damokide-
bulebiT sxvadasxva formiT aRdgeba.  

mJava areSi:  MnO4- + 8H+ + 5ē  →  Mn2+  + 4H2O         E0
298 = -1,58B 

tute areSi: MnO4- + ē  →  MnO4
2-        E0

298 = -1,60B 
mJava areSi kompleqsuri kationi [Mn(H2O)6]2+ miiReba neitralur da 

sust tute garemoSi MnO2, Zlier tute garemoSi ki MnO4
2--ioni. KMnO4-iT 

natriumis sulfitis daJangva wyalxsnarSi: 
mJava areSi: 5K2SO3 + 2KMnO4 + 3H2SO4 →  2MnSO4 + 6K2SO4 + 3H2O 

2MnO4- + 5SO3
2- + 6H+ →  2Mn2+  + 5SO4

2- + 3H2O 
xsnari am SemTxvevaSi uferuldeba ufero Mn2+ -ionebis warmoqmnis 

gamo. 
neitralur areSi: 2KMnO4 + 3Na2SO3 + H2O →  2MnO2↓ + 3Na2SO4 + 2KOH 

2MnO4- + 3SO3
2- + H2O →  2MnO2↓ 

  + 3SO4
2- + 2OH- 

gamoiyofa MnO2-is mura feris naleqi.  
tutis maRali koncentraciisa da aRmdgenlis mcire raodenobis 

SemTxvevaSi miiReba manganati: 
2KMnO4 + K2SO3 + 2KOH → 2K2MnO4+ K2SO4 + H2O 

KMnO4 gaxurebiT manganatSi gadadis. es reaqcia laboratoriaSi 
Jangbadis misaRebad gamoiyeneba:  

2KMnO4
t K2MnO4  + MnO2 + O2  

rogorc ukve aRvniSneT, permanganati manganatSi tutis moqmedebiTac 
gadadis: 

4KMnO4 + 4KOH → 4K2MnO4  + 2H2O + O2↑ 
KMnO4 -is 0,1%-iani xsnari medicinaSi gamoiyeneba. 
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meToTxmete Tavi 
 

rkina  
 
 

rkina istoriamdel metalTa ricxvs miekuTvneba. igi adamianebisaTvis 
Cvens welTaRricxvamde iyo cnobili. gavrcelebuli mosazrebis mixedviT, 
madnebidan metaluri rkina pirvelad kavkasiaSi iqna miRebuli da sityva 
rkinis etimologiis Sesaxebac arsebobs varaudi, rom igi lazuri warmo-
Sobisaa da „cas” niSnavs. Cveni winaprebis warmodgeniT ca rkinisgan iyo 
“gadaxurul-moWedili”. 

madnebidan rkinis primitiuli warmoeba emyareboda miwis ormoebSi 
an Tixis RumelebSi misi madnebis xis naxSirTan gaxurebas.  

rkinis warmoebaSi mniSvnelovani etapi maSIn daiwyo, roca xis 
naxSiri koqsma Secvala, romelsac aRmdgenlis garda saTbobis funqciac 
daekisra, xolo XIX saukuneSi ukve foladis warmoebis meTodebi iqna 
damuSavebuli. 

 

rkinis atomis eleqtronuli konfiguracia: rkina VIII jgufis  d-
gardamavali metalia, misi atomis eleqtronuli konfiguracia 
gamoisaxeba sqemiT: 

n=4

n=3
s

p
d26Fe [Ar]3d64s2

 
misi savalento orbitalebia 3d64s2. TvisebaTa msgavsebis gamo rkinis 

ojaxs miakuTvneben kobaltsa da nikels. naerTebSi rkinis damaxasiaTe-
beli JangviTi ricxvebia +2 da +3, SedarebiT naklebad axasiaTebs +6. 
damaxasiaTebeli koordinaciuli ricxvia 6.  

 

rkina bunebaSi erT-erTi farTod gavrcelebuli elementia. am mxriv 
is mxolod Jangbads, siliciums da alumins CamorCeba. Tavisufali saxiT 
rkina bunebaSi iSviaTad aris. igi ZiriTadad meteoritebSi Sedis 
nikelTan Senadnobis saxiT (5-10% _ Ni). 

rkinis yvelaze tipuri mineralebia: Fe3O4 _ magnituri rkinaqva, Savi 
feris kuburi kristalebi metaluri bzinviT; Fe2O3 _ hematiti (wiTeli 
rkinaqva), rombuli kristalebi; limoniti Fe2O3•H2O; sideriti FeCO3; 
arsenopiriti FeAsS; piriti FeS2 da a.S.  

 

miReba: sufTa rkina miiReba misi oqsalatis (FeC2O4) daSliT 
miRebuli oqsidis wyalbadiT aRdgeniT: 

Fe2O3 + 3H2 → 2Fe + 3H2O 

agreTve rkinis pentakarbonilis Fe(CO)5-is uhaerod gacxelebiT (1400C 
zemoT).  

feroqromis, feromolobdenis, feromanganumis da a.S. Senadnobebis 
misaRebad iyeneben alumin- an siliciumTermul meTods rkinisa da im 
metalis oqsidis narevis aRsadgenad, romelTanac surT rkinis 
Senadnobis miReba. 

rkinis Senadnobebidan yvelaze didi gamoyeneba aqvs Tujs da 
folads. Tuji rkinis Senadnobia naxSirbadTan, gogirdTan, fosforTan, 
siliciumTan, manganumTan. Tujis warmoebaSi gamoiyeneba rkinis oqsiduri 
mineralebi; piriti, arsenopiriti da rkinis sxva gogirdSemcveli 
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mineralebi am mizniT ar gamoiyeneba, radgan am SemTxvevaSi gogirdis 
Warbi raodenobiT Semcveli dagalxarisxovani Senadnobi miiReba. 
madnidan foladis miReba Semdegi safexurebis gavliT mimdinareobs: 
rkinis aRdgena metalur mdgomareobamde, JangviTi procesebi 
arasasurveli nivTierebebis mosaSoreblad da Semdeg etapze saWiro 
danamatebis Setana foladis misaRebad. TujSi naxSirbadis Semcveloba 
1,7%-ze maRalia. igi Seicavs agreTve mis Tanxmleb elementebs: gogirds, 
fosfors, siliciums da manganums. madnidan jer Tujs adnoben da Semdeg 
gardaqmnian foladad. foladi rkinis Senadnobia, romelic Seicavs 
naxSirbads 10,1-1,7%-mde, 0,3% siliciums, 0,6% manganums, 0,05% fosfors da 
0,05% gogirds. 

 

fizikuri Tvisebebi da alotropiuli modifikaciebi: sufTa rkina 
kompaqtur mdgomareobaSi movercxlisfro-TeTri metalia. pirobebis 
mixedviT mas SeuZlia oTxi alotropiuli modifikaciis saxiT arseboba: 

α-Fe, romelic mdgradia 768°C-mde; β-Fe mdgradia 768-906°C-is, γ-Fe 906-1401°C-
is da δ-Fe 1401-1536°C-is intervalSi. 

α-, β- da δ modifikaciebs aqvT moculobacentrirebuli kuburi 

struqtura. γ-rkinas ki waxnagcentrirebuli kuburi struqtura. α- da δ 
modifikaciebi feromagnituria, β da γ ki _ diamagnituri. 

 

 
 

naxazi 32. rkinis polimorfuli gardaqmnebi 
 

qimiuri Tvisebebi: kompaqtur mdgomareobaSi rkina mSral haerze 
mdgradia, nestian haerze iJangeba da warmoqmnis naerTs SedgenilobiT  
Fe2O3• nH2O. es ukanaskneli foriani struqturiT xasiaTdeba, amitom 
rkinas ver icavs Semgomi daJangvisagan: 

2Fe + 1,5O2 + nH2O → Fe2O3• nH2O 
wiTel varvarebamde gaxurebuli rkina wylis orTqlTan moqmedebs: 

3Fe + 4H2O → Fe3O4 + 4H2↑ 
Cveulebriv temperaturaze rkina mSral JangbadTan reaqciaSi ar 

Sedis. maRal temperaturaze ki JangbadSi iwvis Fe3O4-is warmoqmniT: 
3Fe + 2O2 → Fe3O4  

aseve maRal temperaturaze moqmedebs qlorTan da gogirdTan: 
2Fe + 3Cl2 → 2FeCl3 

Fe + S → FeS 
Zlier mJangavebTan rkina warmoqmnis marilebs (+3) JangviTi ricxviT, 

xolo sust mJangavebTan _ (+2) JangviTi ricxviT. ganz. marilmJavasa da 
gogirdmJavasTan rkina moqmedebs, rogorc wyalbadamde moTavsebuli 
metali wyalbadis gamoyofiT: 

Fe + 2HCl → FeCl2 + H2↑ 
Fe + H2SO4ganz. → FeSO4 + H2↑ 
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civi konc. azotmJava da konc. gogirdmJava mas apasiurebs. aRniSnul 
mJavebTan rkina reaqciaSi mxolod maRal temperaturaze Sedis Fe+3-is 
(Zlieri mJangavebia) marilebis warmoqmniT: 

Fe + 6HNO3 konc. → Fe(NO3)3 + 3NO2↑ + 3H2O  
2Fe + 6H2SO4 konc. → Fe2(SO4)3 + 3SO2↑ + 6H2O  

rkina Zlier ganz. azotmJavas NH3-mde aRadgens, romelic sabolood 
amoniumis nitratad gardaiqmneba: 

Fe + 10HNO3 → 4Fe(NO3)2 + NH4NO3 + 3H2O  
igi marilTa wyalxsnarebidan aZevebs masze nakleb aqtiur metalebs: 

Fe + CuSO4 → FeSO4 + Cu 
xolo Tu metali Zabvis mwkrivSi spilenZis marjvniv aris moTavse-

buli, am SemTxvevaSi rkina warmomqmnis marils (+3) JangviTi ricxviT: 
Fe + 3AgNO3 → Fe(NO3)3 + 3Ag↓  

rkinis naerTebi nulovani JangviTi ricxviT [Fe(CO)5]. 
naxSirbad(II)-is oqsidTan rkina warmoqmnis Sesabamis pentakarbonils, 

romelic wyalSi uxsnadi yviTeli aqroladi siTxea (duR.t. 103°C): 
Fe + 5CO → Fe(CO)5  

rkinis pentakarbonili kargad ixsneba organul gamxsnelebSi, mag., 
dieTilis eTerSi, benzolSi da sxv. mis molekulas aqvs trigonaluri 
bipiramidis struqtura, romelsac Seesabameba rkinis makavSirebeli 
orbtalebis dsp3-hibridizacia.  

Fe (O)d8

3d 4s 4p

 

                  π-bmebi                    σ-bmebi (dsp3 hibridizacia) 
                  Fe→CO                                                    Fe←CO 

sqema 16. 
 

gacxelebisas rkinis karbonili iSleba sufTa rkinis warmoqmniT 
(sufTa rkinis miRebis xerxi): 

Fe(CO)5  → Fe + 5CO 
 

rkinis naerTebi +2 JangviTi ricxviT: kationi Fe2+ (eleqtronuli 
konfiguracia 1s22s22p63s23p6) uferoa, paramagnituria, aRmdgenia, gansakuT-
rebiT tute garemoSi, roca is Zalian advilad iJangeba (+3)-mde haeris 
JangbadiTac ki. mJava areSi es kationi mdgradia da mxolod Zlieri 
mJangavebiT iJangeba (KMnO4, K2Cr2O7 da a.S.).  

rkina(II)-is marilebi miiReba rkinaze, FeO, Fe(OH)2, FeS, FeCO3-ze 
marilmJavasa da ganzavebuli gogirdmJavas moqmedebiT: 

FeS + 2H3O+ + 4H2O → [Fe(H2O)6]2+ + H2S↑ 
rkina(II)-is oqsidi (FeO) miiReba rkinis oqsalatis (FeC2O4) Termuli 

daSliT, agreTve Fe2O3-is CO-Ti aRdgeniT: 

FeC2O4 FeO + CO + CO2
t

 
Fe2O3 + CO 500oC 2FeO + CO2  

FeO haerze gacxelebisas advilad iJangeba Fe2O3-mde, uhaerod 
gacxelebisas ki ganicdis disproporcionirebas: 

4FeO Fe3O4 + Fe
t

 
ar ixsneba wyalsa da tuteSi, advilad ixsneba mineralur mJavebSi: 

FeO + 2HCl → FeCl2 + H2O 
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Fe(OH)2 moyviTalo TeTri naleqia, miiReba Sesabamis marilTa 
wyalxsnarebze tutis moqmedebiT: 

FeSO4 + 2NaOH → Fe(OH)2↓  + Na2SO4 
haerze aramdgradia, advilad iJangeba mura Savi feris Fe(OH)3-mde: 

4Fe(OH)2 + O2 + 2H2O → 4Fe(OH)3 
H2O2-is, qloris an hipoqloritebis monawileobiT daJangva 

momentalurad xdeba. 
Fe(OH)2 fuZea, magram tutis konc. xsnarTan reaqciaSi Sedis anionuri 

heqsahidroqso komleqsuri ionis warmoqmniT: 
Fe(OH)2  + 4NaOH → Na4[Fe(OH)6] 

rkina(II)-is marilebi mJava areSi Zlieri mJangavebiT iJangeba: 
10FeSO4 + 2KMnO4 + 8H2SO4 → 5Fe2(SO4)3 + K2SO4 + 2MnSO4 + 8H2O 
6FeSO4 + K2Cr2O7 + 7H2SO4 → 3Fe2(SO4)3 + Cr2(SO4)3 + K2SO4 + 7H2O 
4FeSO4 + H2PtCl6 + 14KOH→ 4Fe(OH)3 + Pt + 4K2SO4 + 6KCl + 2H2O 

3FeSO4 + 3AgNO3→ Fe2(SO4)3 + Fe(NO3)3 + 3Ag 
2FeSO4 + 2NaNO2 + 2H2SO4 → Fe2(SO4)3 + 2NO + Na2SO4 + 2H2O 

 

Fe2+ wyalxsnarebSi akvaionis saxiTaa, romelsac mwvane feri aqvs. 
 

σd
gamT.

πd

[Fe(H2O)6]2+
 

 

rkina(II)-is bevri uwylo marili (magaliTad, halogenidebi) ierTebs 
amiaks amiakaluri kompleqsebis warmoqmniT, romlebic mdgradia mxolod 
myar mdgomareobaSi da amiakiT gajerebul wyalxsnarSi. wyliT isini 
advilad iSlebian: 

[Fe(NH3)6]Cl2 + 2H2O Fe(OH)2 + 2NH4Cl + 2NH3  
gacilebiT mdgradia rkinis xelaturi aminokompleqsebi. 

umniSvnelovanesia porfirinTan rkina(II)-is xelaturi kompleqsi, e.w. hemi. 
es ukanaskneli Sedis hemoglobinis SedgenilobaSi, romelsac adamianis 
organizmSi Jangbadis transportis funqcia aqvs dakisrebuli. 

 

C
C

C
C

C
C

CN
Fe

N

N C
C

C
C

C

C

N

C

C

C

C
C

C

C

 
 

naxazi 33. 
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rkina(II)-is naerTebi manganum(II), kobalt(II) da nikel(II)-is analogiuri 
naerTebis msgavsia, rac gamoixateba mJava areSi mdgradobiT, tute areSi 
advilad Jangvis unariTa da CN- jgufebTan koordinirebuli gansakuTre-
buli mdgradobiT gamorCeuli kompleqsnaerTebis warmoqmniT. 

rkina(II)-is kompleqsnaerTebs Soris cianiduri kompleqsi [Fe(CN)6]4- 
marTlac gansakuTrebulad mdgradia. igi advilad miiReba Semdegi 
reaqciiT: 

6KCN + FeSO4 → K4[Fe(CN)6] + K2SO4 
aRniSnuli kompleqsuri ioni diamagnituria. 
  

σd
gamT.

πd

E

 
 

misi miReba SeiZleba rkinis cianididanac, romelic bevri sxva 
metalis cianidis msgavsad  ixsneba tute metalebis cianidebis xsnarSi. 

4KCN + Fe(CN)2 → K4[Fe(CN)6]  
                               kaliumis heqsacianoferati(II) 

 

warmoqmnil rkinis kompleqsur marils ewodeba sisxlis yviTeli 
marili. am ukanasknelze mJavis moqmedebiT miRebulia Zlieri mJava 
H4[Fe(CN)6].  

amJamad am marils qvanaxSiris mSrali gamoxdiT Tanamde produqtis 
saxiT gamoyofili cianiduri naerTebisgan Rebuloben.  

sisxlis yviTeli marili gamoiyeneba Fe3+-ionebs aRmosaCenad. 
Fe2+-ionebis aRmomCenia sisxlis wiTeli marili, romelic masTan muqi 

lurji feris naleqs warmoqmnis turnbulis lurjis saxelwodebiT: 
FeSO4 + K3[Fe(CN)6] → K[Fe+2Fe+3(CN)6]↓ + K2SO4 

Fe2+ + [Fe(CN)6]3- → [Fe2(CN)6]- 
xolo Fe2+-ionebis raodenobrivi gansazRvrisTvis analizur qimiaSi 

gamoyenebuli reaqciaa: 
5[Fe(H2O)6]2+ + MnO4

- + 8H3O+ → 5[Fe(H2O)6]3+ + [Mn(H2O)6]2+ + 6H2O 
anu  

5Fe2+ + MnO4
- + 8H+ → 5Fe3+ + Mn2+ + 4H2O 

Fe3+ kationi (eleqtronuli konfiguracia 1s22s22p63s23p63d5) paramagni-
turi ufero ionia, Seferilia (Ria iisferi) misi akvaioni [Fe(H2O)6]3+. Fe3+-
Tvis damaxasiaTebeli koordinaciuli ricxvebia 4 da 6, Sesabamisad 
tetraedruli da oqtaedruli struqturiT.  

Fe3+-is marilebi miiReba metalur rkinaze Zlieri mJangavebis moqme-
debiT (halogenebi, cxeli konc. gogirdmJava da azotmJava). 

                                            2Fe + 3Cl2 → 2FeCl3  
FeCl3 wyalxsnarSi oqtaedruli [Fe(H2O)6]Cl3 kompleqsis saxiT aris. 

arawyalxsnarebSi ki, magaliTad, CS2-Si (AlCl3-is msgavsad) Fe2Cl6 saxiT. 

Fe
Cl

ClCl

Cl
Fe

Cl

Cl

 
 rkina(III)-is marilebi rkina(II)-is marilebis daJangviTac miiReba 

(reaqciebi mocemulia Fe2+-is marilebTan).  
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marilTa wyalxsnarebidan gamoyofilia kristalhidratebi: FeCl3·6H2O; 
Fe(NO3)3·6H2O; Fe(NO3)3·9H2O; rkinis Sabebi MFe(SO4)2·12H2O da a.S. 

Fe3+-ionebi mJangavia, misi mJangavi unari izrdeba H+-ionebis maRali 
koncentraciis pirobebSi. Fe3+-ionebi Jangavs spilenZs, rkinas da a.S. 
amitom es metalebi Fe(III)-is marilebis wyalxsnarSi ixsneba: 

Fe2(SO4)3 + 2Cu → 2CuSO4 + FeSO4 
2FeCl3 + Fe → 3FeCl2 

Fe(III) ionebis mJangavi unaris gamo ar xerxdeba wyalxsnarebSi 
mimocvlis reaqciiT misi iodidisa da cianidis miReba (aRniSnuli 
anionebis Zlieri aRmdgeni unaris gamo): 

2FeCl3 + 6KJ → 2FeJ2 + J2 + 6KCl 
imave mizezis gamo rkina(III)-is marilebidan H2S an romelime xsnadi 

sulfidis moqmedebisas Fe2S3 ar miiReba, aramed gamoiyofa FeS da 
koloiduri gogirdis erTdroulad Semcveli naleqi: 

2FeCl3 + 3H2S → 2FeS↓ + S↓ + 6HCl 
FeCl3  SnCl2-sac Jangavs: 

2FeCl3  + SnCl2 → 2FeCl2 + SnCl4 
rkina(III)-is oqsidi Fe2O3 rkinis bunebriv naerTebs Soris erT-erTi 

yvelaze mdgradi naerTia. misi miReba laboratoriaSi SeiZleba Fe(OH)3 da 
Fe(NO3)3 Termuli daSliT: 

2Fe(OH)3 → Fe2O3  + 3H2O 
4Fe(NO3)3 → 2Fe2O3  + 12NO2↑ + 3O2↑ 

piritis gamowviT: 
4FeS2 + 11O2 →  2Fe2O3  + 8SO2↑ 

FeCO3-is haerze gaxurebiT: 
2FeCO3  + 1/2O2 → Fe2O3  + 2CO2↑ 

rkina(III)-is hidroqsidi Sesabamis marilebze tutis xsnaris 
moqmedebiT miiReba: 

FeCl3  + 3NaOH → Fe(OH)3↓ + 3NaCl 
misi miReba Semdegi reaqciiTac SeiZleba: 

2FeCl3  + 3Na2CO3 + 3H2O → 2Fe(OH)3↓ + 6NaCl + 3CO2↑ 
rkina(III)-is hidroqsidi wyalSi cudad xsnadia, magram advilad 

warmoqmnis koloidur xsnars. susti fuZea, amfoteruli, aseve 
amfoterulia rkina(III)-is oqsidic (Fe2O3): 

Fe2O3 + 3H2SO4 → Fe2(SO4)3 + 3H2O 

Fe2O3 + 2NaOH 2NaFeO2 + H2O
t

 
Fe2O3 + Na2CO3

t
2NaFeO2 + CO2  

Fe(OH)3-is tuteebTan an tute metalebis karbonatebTan SelRobiTac 
miiReba polimeruli oqsoferatebi(III) SedgenilobiT MeFeO2 e.w. feritebi. 

Fe(OH)3-is sust fuZe Tvisebebs amtkicebs Fe3+ marilebis hidrolizis 
maRali xarisxic (Fe2+ marilebTan SedarebiT). 

axladdaleqili Fe(OH)3 advilad ixsneba tuteebis konc. xsnarebSi 
rkina(III)-is anionuri kompleqsebis warmoqmniT: 

Fe(OH)3 + 3KOH → K3[Fe(OH)6] 
                               heqsahidroqsoferati(III) 
cnobilia rkina(III)-is sxva anionuri kompleqsebic Me3[FeF6]; Me[FeCl4]; 

Me3[Fe(CNS)6] da sxva. 
rkina(III)-is anionur kompleqsebs Soris yvelaze mdgradia cianiduri 

kompleqsi K3[Fe(CN)6]. rkina(III)-is bevri sxva kompleqsuri anionebisagan 
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gansxvavebiT (romlebic maRalspinuria) igi dabalspinuri kompleqsia. mas 
heqsacianooqsoferat(II)-gan daJangviT Rebuloben: 

2K4[Fe(CN)6] + Cl2 → 2K3[Fe(CN)6] + 2KCl 
K3[Fe(CN)6] sisxlis wiTeli marilia, romelic rogorc ukve 

aRvniSneT, gamoiyeneba Fe2+-is aRmosaCenad. 
Fe3+-ionebis aRmomCenia sisxlis yviTeli marili. urTierTqmedebis 

Sedegad miiReba intensiuri lurji feris naleqi e.w. berlinis laJvardi: 
FeCl3 + K4[Fe(CN)6] → K[FeFe(CN)6]↓ + 3KCl 

Fe3+ + [Fe(CN)6]4- → [Fe2(CN)6]- 

rentgenostruqturulma analizma aCvena, rom berilinis laJvardsa 
da turnbulis lurjs erTidaigive struqtura aqvs. 

Fe3+-ionebTan intensiur wiTel Sefervas iZleva CNS--ionebi: 

FeCl3 + 3NH4CNS Fe(CNS)3 + 3NH4Cl  
es reaqciac gamoiyeneba Fe3+-ionebis aRmosaCenad. 
rkinis Sereuli oqsidi Fe3O4 SeiZleba ganvixiloT, rogorc rkinis 

feriti Fe(FeO2)2. igi bunebaSi gavrcelebulia mineral magnetitis saxiT. 
misi miReba Fe2O3 aRdgeniTac SeiZleba: 

Fe2O3  + CO → 2Fe3O4 + CO2 
mJavebSi ixsneba Fe2+ da Fe3+ marilebis warmoqmniT: 

Fe3O4 + 8HCl → 2FeCl3 +  FeCl2 + 4H2O 
Fe3O4 + 4H2SO4 → FeSO4 +  Fe2(SO4)3  + 4H2O 

Zlieri mJangavi mJavebis moqmedebisas Fe2+-c Fe3+-mde iJangeba: 
Fe3O4 + 10HNO3 konc. → 3Fe(NO3)3  +  NO2 + 5H2O 

 

rkinis naerTebi +6 JangviTi ricxviT: aRniSnuli JangviTi ricxviT 
rkinas Seicavs [FeO4]2--anioni. feratebi (Na2FeO4, K2FeO4, BaFeO4) miiReba 
rkina(III)-is naerTebis tute areSi daJangviT. KOH-is koncentrirebul 
xsnarSi rkina(III)-is hidroqsidis suspenziaze qloris moqmedebiT: 

2Fe(OH)3 + 3Cl2 + 10KOH → 2K2FeO4  +  6KCl + 8H2O 
Fe2O3-is kaliumis nitratTan da tutesTan SelRobiT: 

Fe2O3 + 3KNO3+ 4KOH → 2K2FeO4  +  3KNO2  + 2H2O 
Fe2O3 + 3KNO3 + 2K2CO3  → 2K2FeO4  +  3KNO2  + 2CO2 

SeiZleba mJangavad berToles marilis gamoyenebac: 
Fe2O3 + KClO3 + 4KOH  → 2K2FeO4  +  KCl  + 2H2O 

misi miReba SeiZleba agreTve tutis koncentrirebul xsnarSi 
metaluri rkinis anoduri JangviTac. 

feratebi mJava garemoSi Zlieri mJangavebia (amiaks oTaxis temperatu-
raze azotamde Jangaven). wyalxsnarebSi iSlebian Semdegi sqemiT: 

4Na2FeO4  +  10H2O → 4Fe(OH)3 + 8NaOH + 3O2 
Sesabamisi mJava H2FeO4 ucnobia, radgan feratebis SemJavebisas Jangva-

aRdgeniTi procesi mimdinareobs _ rkina (+3) JangviT ricxvamde aRdgeba 
da Jangbadi gamoiyofa. 
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60Co17

meTxuTmete Tavi 
 

kobalti 
 
 

kobalti 1735 wels aRmoaCina Svedma mecnierma georg brandtma. 
kobaltis savalento eleqtronebia 3d74s2.  

Co0  

3d 4s

 

  Co2+  

3d 4s

 
 

Co3+  

3d 4s

 
 

rkinis qvejgufis elementebTan SedarebiT kobaltisa da mis analo-
gebis atomebSi (n-1)d orbitalebis stabilizaciis tendencia grZeldeba, 
amitom kobaltis umaRlesi JangviTi ricxvi rkinasTan SedarebiT 
dabalia. misTvis tipuria JangviTi ricxvebi (+2) da (+3). amasTan (+3) mas 
ZiriTadad kompleqsebSi axasiaTebs, sadac misi koordinaciuli ricxvi 
eqvsis tolia. 

erTaderTi mniSvnelovani d7 konfiguraciis mqone ioni aris Co2+, 
Tumca aseTi konfiguraciiT nikel(III)-is ramdenime naerTic arsebobs. 
Co2+-is ionebi wyalxsnarebSi mdgradia, magram Zlieri velis warmomqmne-
li ligandebis Tanaobisas advilad iJangeba kobaltis(III) kompleqsebis 
warmoqmniT. kobaltis(II) kompleqsebi advilad iJangebian kobalt(III)-mde. 
qvemoT mocemulia E0 

mniSvnelobebi kobaltis ramdenime kompleqsisaTvis: 
 

[Co(C2O4)3]3- [Co(C2O4)3]4- E0 = + 0,57ev

[Co(NH3)6]3+ [Co(NH3)6]2++  1e E0 = + 0,108ev

[Co(en)3]3+ [Co(en)3]2+
E0 = - 0,26ev

[Co(CN)6]3- [Co(CN)5]3- + CN- E0 = - 0,83ev

+  1e

+  1e

+  1e

 
 

bunebaSi gavrceleba: sufTa kobaltis madnebi bunebaSi iSviaTad 
gvxvdeba. is TiTqmis yovelTvis nikelTan da dariSxanTan erTad aris 
gavrcelebuli. misi yvelaze mniSvnelovani mineralia kobaltis kriala 
CoAsS. 

kobalts ZiriTadad polimetaluri madnebidan Rebuloben. rigi Tan-
mimdevruli polimetalurgiuli operaciebis Sedegad gamoyofen Co3O4-s, 
romelsac Semdeg naxSiriT, wyalbadiT, zogjer ki aluminoTermiiT 
aRadgenen. gansakuTrebuli sisufTavis kobalts eleqtrolituri rafini-
rebiT iReben, agreTve misi zogierTi naerTis Termuli daSliT. 

warmoebuli kobaltis ZiriTadi masa misi Senadnobebis, swrafmWreli 
foladebisa da metalTa nakeTobebis eleqtrolitur dafarvas xmardeba. 
kobaltis naerTebi, kaliumis silikatTan ormagi marilebis saxiT 
kobaltis minis warmoebaSi gamoiyeneba. 

kobaltis radioaqtiuri izotopi      medicinaSi gamoiyeneba, rogorc 
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γ-gamosxivebis wyaro. 
kobalti TeTri-mocisfro elferis mqone metalia. rkinis msgavsad 

mas magnituri Tvisebebi aqvs.  
Cveulebriv pirobebSi kobalti mdgradia mSrali da nestiani haeris 

mimarT, wylis, Zlieri tuteebisa da organul mJavaTa ganz. xsnarebis 
mimarT. metaluri kobalti mSral haerze 3000C-ze maRal temperaturaze 
gacxelebisas iJangeba Semdegi oqsidebis warmoqmniT: CoO, Co2O3, Co3O4.  

wylis orTqlTan wiTel varvarebamde gacxelebisas warmoqmnis 
oqsids CoO:  

Co  +  H2O → CoO  +  H2↑ 
kobaltis naqlibi gacxelebis pirobebSi moqmedebs halogenebTan, 

gogirdTan da a.S.: 
2Co  + 3F2 → 2CoF3;      2Co  + F2 → 2CoF2   

Co  +  Cl2 → CoCl2;           Co  +  J2 → CoJ2   
Co  +  Br2 → CoBr2;             Co  +  S → CoS 

igive pirobebSi azotTan ar moqmedebs. 380-4000C-ze kobaltis 
fxvnilis amiakis nakadSi gacxelebisas (3-4sT) miiReba Savi feris 
nitridi Co3N; 2700C-mde gacxelebisas _ Co2N;  4700C-mde gacxelebisas ki _ 
Co3N2.   

kobaltze airadi HCl Semdegi sqemiT moqmedebs: 
Co+ 2HCl → CoCl2 + H2↑ 

kobaltze azotis oqsidebis N2O (2300C), NO (1500C), NO2 (oTaxis temp.) 
moqmedebisas miiReba CoO, xolo qloridebis (PCl3, AsCl3 da SbCl3) 
moqmedebisas miiReba kobaltis fosfidi, arsenidi da anTimonidi. 

metaluri kobalti nela ixsneba ganz. HCl, H2SO4-Si, intensiurad 
midis reaqcia ganz. HNO3-Tan: 

Co + 2HCl → CoCl2 + H2 
Co + H2SO4 → CoSO4 + H2 

8Co + 20HNO3 → 8Co(NO3)2 + 2NO + N2 +10H2O 
mbolavi azotmJava kobalts oTaxis temperaturaze apasiurebs. yinu-

lovani ZmarmJava da mJaunmJava mas nela xsnis. 5500C-ze tutesTan SelRo-
biT Sedis reaqciaSi. marilTa wyalxsnarebidan kobalti aZevebs spilenZs, 
vercxls, vercxliswyals. 

fiziologiuri TvalsazrisiT kobalti mcire raodenobiT 
aucilebelia cocxali organizmebisaTvis, Tumca didi raodenobiT 
mavnebelia.  

kobaltis karbonilebi _ naerTebi nulovani JangviTi ricxviT. 
umartivesi karbonilia orbirTviani Co2(CO)8: 

Co

C

O

Co

O

C
C O
C O

C O

CO
CO
CO

 
 

sqema 17. 
 

am naerTSi kobaltis atomi eqvs σ-bmas warmoqmnis, romelTagan oTxi 
warmoqmnilia donorul-aqceptoruli meqanizmiT kobaltis Tavisufali 
orbitalebisa da oTxi molekula CO-s eleqtronuli wyvilebis xarjze; 
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mexuTe _ kobaltis wyvili d-eleqtronisa da CO-s Tavisufali π-orbita-
liT, xolo Co-Co bma warmoqmnilia kobaltis ori atomis gauwyvilebeli 
eleqtronebiT. molekulis stabilizacia xdeba π-datiuri kavSiris xarj-
ze, rac kobaltis 3d6-eleqtronebiT xorcieldeba: 

 

Co(O),  d9
4s 4p

π-bmebis warmoqmna
σ-bmebis warmoqmna  

sqema 18 
 

Co2(CO)8  _ miiReba kobaltis fxvnilis gacxelebiT CO-s atmosferoSi 
(150-2000C da 2,5•107pa wnevis pirobebSi). 600C-ze gacxelebisas is daSlas 
iwyebs. kobaltis karbonili wyalSi uxsnadi narinjisferi kristalebia, 
kargad ixsneba organul gamxsnelebSi. gamoiyeneba sufTa kobaltis 
misaRebad. 

gamoyofilia agreTve oTxbirTviani karbonilic Co4(CO)12. 
 

kobaltis naerTebi (+2) JangviTi ricxviT: CoO (monacrisfro-mwvane 
kristalebi) miiReba martivi nivTierebebidan pirdapiri urTierTqmedebiT, 
agreTve CoCO3 an Co(OH)2-is Termuli daSliT. CoO da Co(OH)2 amfoteruli 
naerTebia fuZe bunebis siWarbiT. Co(OH)2  miiReba orvalentiani marilebis 
wyalxsnarze tutis xsnaris moqmedebiT. tutis damatebisas jer fuZe 
marilis lurji naleqi gamoiyofa, romelic xsnarTan erTad duRilisas 
vardisfer Co(OH)2-Si gadadis. Co(OH)2 mduRare konc. tuteSi ixsneba 
anionuri kompleqsis warmoqmniT: 

Co(OH)2 + 2NaOH → Na2[Co(OH)4] 
Co(OH)2, Fe(OH)2-is msgavsad haerze iJangeba, oRond gacilebiT nela. 

Zlieri mJangavebis moqmedebisas ki daJangva swrafad mimdinareobs: 
2Co(OH)2 + NaClO + H2O → 2Co(OH)3 + NaCl 

Co2+-ionebi wyalxsnarSi [Co(H2O)6]2+ akvakompleqsis saxiT aris, 
romelic xsnars Ria vardisfers aZlevs. es feri ara marto kobalt(II)-is 
marilTa wyalxsnarebis damaxasiaTebelia, aramed kristalhidratebisTvi-
sac: Co(NO3)2·6H2O, CoSO4·6H2O da a.S. gacxelebiT an wyalwamrTmevi nivTi-
erebebis moqmedebiT kristalhidratebis feri icvleba, rac koordi-
nirebis xasiaTis cvlilebasTan aris dakavSirebuli. mag., ganvixiloT 
CoCl2·6H2O-s gardaqmna: 
 

490CCoCl2•6H2O CoCl2•4H2O 580C CoCl2•2H2O 900C CoCl2•H2O 1400C CoCl2
vardisferi mocisfro-iisferi cisferi lurjivardisferi  

 

wylis moqmedebisas CoCl2 kvlav kristalhidratad gardaiqmneba da mis 
damaxasiaTebel vardisfersac ibrunebs. gamomdinare aqedan, CoCl2 
gamoiyeneba sinestis aRmosaCeni indikatoris qaRaldis dasamzadeblad. 
mSral mdgomareobaSi es qaRaldi lurjia, nestiani ki _ vardisferi. 

kobaltis(II)-is marilebi advilad ierTeben amiakis molekulebs 
kationuri kompleqsebis warmoqmniT: [Co(NH3)6]2+, romlebic rkinis 
analogiur naerTebTan SedarebiT mdgradia, Tumca wyliT advilad 
iSlebian: 
 

[Co(NH3)6]Cl2 + 2H2O Co(OH)2 + 4NH3 + 2NH4Cl  
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xsnarSi maTi SenarCuneba NH3 da NH4Cl-is didi siWarbis pirobebSi 
miiRweva. 

amiakatebi xsnarSi haeris JangbadiTac iJangebian da ufro mdgrad 
kobalt(III)-is dabalspinur kompleqsebad gardaiqmnebian: 

[Co(NH3)6]2+ − ē → [Co(NH3)6]3+ 

swored kobaltis aminokompleqsebze aRmoaCina 1911 wels vernerma 
pirvelad optikuri izomeriis movlena araorganul naerTebSi. 
oqtaedruli kompleqsebis damaxasiaTebeli Tvisebebic ZiriTadad 
kobalt(III)-is kompleqsebze iqna Seswavlili.  

 
miRebulia kobalt(II)-is anionuri kompleqsebic: [CoX4]2-, sadac X=Cl-, 

Br-, I-, CNS-, OH-: 
2NaOH + Co(OH)2 → Na2[Co(OH)4] 

2NaCl  + CoCl2 → Na2[CoCl4] 
CoCl2 + 2HCl → H2[CoCl4] 

2KCNS + Co(CNS)2 → K2[Co(CNS)4] 
lurji rodanokobaltat(II)-is warmoqmnis aRniSnuli reaqcia kobal-

tis(II) gansazRvrisaTvis gamoiyeneba. wyliT Zlieri ganzavebisas lurji 
Seferva icvleba  vardisferiT akvakompleqsis warmoqmnis gamo: 

[Co(CNS)4]2- + 6H2O [Co(H2O)6]2+ + 4CNS-
 

 

kobaltis(III) naerTebi: aseTi martivi naerTebis ricxvi mcirea, isini 
aramdgradebia, aqvT mJangavi Tvisebebi da TviTon advilad aRdgebian 
kobalt(II)-is naerTebis warmoqmniT. SedarebiT mdgrad naerTebs 
miekuTvneba kobalt(III)-is Sabebi, Tumca mdgradobiT isini rkinis, 
aluminisa da qromis Sabebs CamorCebian.       

 kobalt(III)-is uwylo oqsidi Co2O3 miiReba Co2O3·nH2O gauwyloebiT 
(2500C) an Co(NO3)2-is gavarvarebiT (1800C). Co2O3 Savi feris kristaluri 
nivTierebaa, 2650C-ze gadadis Co3O4-Si, xolo 9400C-ze CoO-Si. Co2O3 Jangavs 
HCl-s Cl2-mde: 

Co2O3  + 6HCl  →  2CoCl2  + Cl2  + 3H2O 
kobaltis oqsidebidan SedarebiT mdgradia Co3O4, romelic Sereul 

oqsids warmoadgens: Co+2Co+3O4 _ mas kobalt(II)-is nitratis frTxili 
gacxelebiT Rebuloben. Co3O4 Zlieri mJangavia: 

Co3O4  +  8HCl  → 3CoCl2 + Cl2  + 4H2O 
Co3O4  +  3H2SO4  → 3CoSO4 + 1/2O2  + 3H2O 

Co(OH)3 kobalt(III)-is martiv (arakompleqsur) naerTebs Soris erTad-
erTi mdgradi naerTia. masze mJaveebis moqmedebiT kobalt(II)-is marilebi 
miiReba: 

4Co(OH)3 + 4H2SO4 → 4CoSO4 + 10H2O + O2↑ 
oqsomJavebis SemTxvevaSi gamoiyofa Jangbadi, marilmJavas SemTxvevaSi 

ki _ qlori: 
2Co(OH)3 + 6HCl → 2CoCl2 + 6H2O + Cl2↑ 

kobalt(III)-is qimia ZiriTadad misi kompleqsnaerTebis qimiaa. misTvis 
damaxasiaTebelia mravalricxovani kationuri, anionuri da neitraluri 
kompleqsebi. TiTqmis yvela maTgani diamagnituria, garda maRalspinuri 
[CoF6]3--sa. 

kobaltis kationuri kompleqsebidan gansakuTrebiT mdgradia 
[Co(NH3)6]3+, romelic mTel rig anionebTan warmoqmnis marilebs, romelTa 
Sesabamisi martivi naerTebi Co(III)-Tvis cnobili ar aris. 
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kobalt(III)-s axasiaTebs azotTan koordinirebisadmi gansakuTrebuli 
swrafva. misi kompleqsebis umravlesoba azotSemcvelia _ amiakis, 
aminebis, nitrojgufis, CNS-, CN- da a.S. saxiT.  

kobalt(III)-is kompleqsebis miRebis zogadi meTodia Co2+-is daJangva 
xsnarSi JangbadiT an wyalbadis peroqsidiT gaaqtivebuli naxSiris, 
rogorc katalizatoris da ligandis Tanaobisas. mag., CoX2-is (X=Cl. Br, 
NO3) xsnarSi, romelic Seicavs amiaks da amoniumis marils, agreTve mcire 
raodenobiT gaaqtivebul naxSirs, ramdenime saaTis ganmavlobaSi 
Jangbadis gatarebisas kargi gamosavliT miiReba heqsaaminokobaltati(III): 

4CoX2 + 4NH4X + 20NH3 + O2 → 4[Co(NH3)6]X3+ 2H2O 
 

analogiur pirobebSi miiReba kompleqsnaerTi eTilendiaminTan (en): 
4CoCl2 + 8en + 4en·HCl + O2 → 4[Co(en)3]Cl3 + 2H2O 

mJava areSi (HCl) am reaqciis Catarebisas miiReba trans-izomeri _ 
[Co(en)2Cl2]Cl (mwvane), xolo xsnaris aorTqlebisas (90-1000C-is pirobebSi) 
mimdinareobs izomerizacia wiTeli feris cis-formis warmoqmniT. 

garda kationuri da anionuri kompleqsebisa, kobalt(III)-Tvis 
damaxasiaTebelia mravalricxovani neitraluri kompleqsebi, romlebic 
ganixileba, rogorc kationuridan anionurze gardamavali Sualeduri 
produqtebi. kobalt(III)-is mniSvnelovani kompleqsia vitamini B12 anu cia-
nokobalamini, romelic struqturiT liTonTa porfirinul kompleqseb-
Tan aris axlos. aRniSnul kompleqsSi Co3+-ioni dakavSirebulia nawilob-
riv hidrirebul oTx piroluri birTvis azotis atomebTan, xolo mexuTe 
da meeqvse ligandis rols cianid-ioni da heterocikl-benzimidazolis 
azotis atomi Seadgens. 
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meTeqvsmete Tavi 
 

nikeli 
 
 

nikeli rkinis triadis erT-erTi mniSvnelovani metalia. is aRmoaCina 
Svedma mecnierma aleqs kronstedma 1751 wels. nikelis savalento 
eleqtronebia 3d84s2.    

3d
4s 4p

 
 

umaRlesi JangviTi ricxvis mqone naerTebis mdgradobis Semcirebis 
tendencia kidev ufro metad iCens Tavs nikelis qimiaSi. Cveulebriv 
pirobebSi am metalisTvis mxolod (+2) JangviTi mdgomareoba aris 
damaxasiaTebeli. miuxedavad amisa, nikelis qimia arc ise martivia da amis 
mizezia misi naerTebis damaxasiaTebeli sxvadasxva struqturebis 
(oqtaedri, tetraedri da sxv.) rTuli urTierTgardaqmnebi, agreTve 
polimeruli struqturebis warmoqmnis unari. 

 

bunebaSi gavrceleba: kobaltis msgavsad, nikeli bunebaSi dariSxan-
Tan da gogirdTan naerTebis saxiT gvxvdeba. misi yvelaze metad gavrce-
lebuli mineralebia: nikelis wiTeli almadani NiAs, dariSxan-nikelis 
kriala NiAsS, garnieriti _ romelic cvladi Sedgenilobis silikats 
warmoadgens Ni4Si4O10(OH)4·4H2O. 

 

miReba: nikelis samrewvelo miReba ZiriTadad garnieritidan 
warmoebs da efuZneba nikelis gogirdisadmi gansakuTrebul swrafvas. 
madans acxeleben iseT nivTierebebTan, romlebic advilad iSoreben 
gogirds. am dros nikeli gadadis Ni3S2-Si, minarevebis didi nawili 
warmoqmnis silikatebs da gadadis widaSi. Ni3S2-is gamowviT miiReba 
nikelis(II) oqsidi, romelsac naxSiriT aRadgenen: 

2Ni3S2 + 7O2 → 6NiO + 4SO2↑ 
NiO + C → Ni + CO↑ 

sxva madnebidan nikelis miReba damokidebulia madnis Sedgenilobaze. 
mag.: magnituri almadanidan miRebisas gogirds ki ar amateben, piriqiT, 
madnis gamowviT masSi gogirdis Semcvelobas amcireben. miRebuli 
oqsididan nikels aRadgenen. magram ramdenadac es madani TiTqmis 
yovelTvis spilenZsac Seicavs, amitom am SemTxvevaSi miiReba ara sufTa 
nikeli, aramed nikelis spilenZTan Senadnobi, romlis Semadgeneli kompo-
nentebis dacilebas eleqtrolizis saSualebiT axdenen. bevr SemTxvevaSi 
maT dacilebas aRdgenamde awarmoeben. 

nikelis misaRebad gamoyenebulia agreTve karboniluri meTodi. 
nikelis miReba misi karbonilis [Ni(CO)4] Termuli daSliT. 

metaluri nikeli movercxlisfroa, Zalian magaria, paramagnituri 
metalia; xasiaTdeba maRali koroziuli medegobiT _ mdgradia atmos-
feros, wylis, tuteebis da rigi mJavebis mimarT. aqtiurad ixsneba azot-
mJavaSi. nikelis qimiuri mdgradoba mis zedapirze warmoqmnili oqsiduri 
afskiT aris ganpirobebuli, romelsac Zlieri damcavi moqmedeba 
axasiaTebs. 

warmoebuli nikelis didi nawili xmardeba rkinasTan, TuTiasTan da 
sxva metalebTan Senadnobebis damzadebas. nikeliT awarmoeben agreTve 
sxva metalebis dafarvas. wvrilad dawiladebuli nikeli mraval qimiur 
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procesebSi gamoiyeneba katalizatorad. sufTa nikelisagan laborato-
riul WurWelsac amzadeben. 

 

nikelis naerTebi: iseve, rogorc sxva d-metalebi, nikelic warmoqmnis 
naerTebs nulovani JangviTi ricxviT. am mdgomareobaSi aris nikeli 
kompleqsnaerTebSi σ-donorul da π-aqceptorul ligandebTan, rogorebic 
aris: CO, PF3, CN- da sxva. amasTan centraluri atomis d10 konfiguracias 
Zlieri velis ligandebis SemTxvevaSi yvelaze xSirad tetraedruli 
struqtura axasiaTebs. valenturi  bmis Teoriis mixedviT es mdgomareoba 
Seesabameba centraluri atomis savalento orbitalebis sp3-
hibridizacias: 

Ni(O), d10
4s 4p

(sp3-hibridizacia)

σ-bmebis warmoqmnaM Lπ-bmebis warmoqmnaM L

  
sqema 19 

 

nikelis karbonili Ni(CO)4 miiReba 60-800C-ze nikelis fxvnilze 
naxSirbadis monooqsidis moqmedebiT. igi Cveulebriv pirobebSi ufero 
siTxea. 1800C-dan iwyebs daSlas, rac gamoiyeneba sufTa nikelis misaRebad 
da metalTa dasafaravad. garda amisa Ni(CO)4  organul sinTezebSi 
katalizatoradac gamoiyeneba. nikelis karbonilis miRebis simartive 
gamoiyeneba nikelisa da kobaltis dasacileblad. rogorc cnobilia, 
kobaltis karbonils Rebuloben gacilebiT maRal temperaturasa da 
wnevaze. garda amisa, nikelis karbonili kobaltis karbonilTan Seda-
rebiT ufro aqroladia. yovelive es nikelisa da kobaltis 
erTmaneTisgan maRali xarisxiT dacilebis saSualebas iZleva. 

VIII jgufis elementebisaTvis (eleqtronuli konfiguraciiT d8-d10) da 
maT Soris nikelisTvis cnobilia kompleqsebi, romlebSic ligandis 
rolSi gamodis Jangbadis molekula, mag. M(O2)/P(C6H5)3/2, sadac M = Ni, Pd, 
Pt. 

Jangbadis molekula π-tipis ligandia (msgavsad CO, CN-, N2, NO). misi 
mierTeba kompleqswarmomqmnelTan xorcieldeba donorul-aqceptoruli 
da π-datiuri urTierTqmedebiT. monawileoben Jangbadis molekulis σ mak.,  
π mak. da πgamT. orbitalebi. es naerTebi Jangbadis aqtivaciis gamo ukve 
Cveulebriv pirobebSi warmoadgenen Zlier mJangavebs. kompleqsSi izrdeba 
O-O bmis sigrZe 1,13-1,147 nm-mde, maSin roca Tavisufal JangbadSi 0,121 nm-
ia. e.i. xdeba misi aqtivacia da reaqciisunarianobis gazrda.  

kompleqswarmoqmnis xarjze molekuluri Jangbadis aqtivacias didi 
bioqimiuri mniSvneloba aqvs. amis klasikuri magaliTia Jangbadis 
mierTeba hemoglobinTan. 

nikelis martivi naerTebi Zalian hgavs kobaltis naerTebs. kobaltis 
msgavsad nikelic warmoqmnis oqsidebs _ NiO da Ni2O3 da maT Sesabamis 
fuZeebs. marilebis ki mxolod erTi rigi aris cnobili, romlebSic 
nikelis JangviTi ricxvi (+2)-ia.  

nikel(II)-is naerTebisaTvis yvelaze damaxasiaTebelia koordinaciuli 
ricxvi 6. NiO-s NaCl-is struqtura aqvs. NiO da Ni(OH)2 mwvane feris 
naerTebia. NiO-s Rebuloben Ni(OH)2, NiCO3 da Ni(NO3)2-is daSliT. 

nikel(II)-is hidroqsidi marilTa wyalxsnarebze tutis xsnaris 
moqmedebiT miiReba. gamoiyofa mwvane feris geli, romelic dayovnebisas 
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kristaldeba. Ni(OH)2 amfoteruli ar aris. is advilad ixsneba mJavebSi 
da amiakian wyalSi kationuri kompleqsis [Ni(NH3)6](OH)2-is warmoqmniT: 

Ni(OH)2 + 6NH3 → [Ni(NH3)6](OH)2 

Ni(OH)2, rkinisa da kobaltis hidroqsidebisagan gansxvavebiT haerze 
ar iJangeba. amaSi gamoixateba nikel(II)-is naerTebis gacilebiT maRali 
mdgradoba rkinisa da kobaltis analogiur naerTebTan SedarebiT. 

Ni(OH)3 mura Savi feris naleqia, miiReba nikel(II)-is marilebze tutis 
moqmedebiT Zlieri mJangavebis Tanaobisas, is TvisebebiT Co(OH)3-s hgavs, 
magram gacilebiT Zlieri mJangavia. 

nikelis naerTebidan praqtikuli TvalsazrisiT mniSvnelovania Ni2O3, 
romelic gamoiyeneba kadmium-nikelis an rkina/nikelis akumulatorebis 
(edisonis) dasamzadeblad: 

Fe + Ni2O3 + 3H2O
ganmuxtva

damuxtva
Fe(OH)2 + 2Ni(OH)2

 
nikelis marilebis xsnarebze amoniumis sulfidis moqmedebiT miiReba 

Savi feris naleqi NiS: 
(NH4)2S + NiCl2 → NiS↓ + 2NH4Cl 

axlad daleqili NiS mJavebSi ixsneba, dayovnebis Semdeg ki ara, 
radgan dayovnebisas uxsnad Ni(OH)S-mde iJangeba. 

cnobilia nikelis oTxive halogenidi. uwylo mdgomareobaSi isini 
miiRebian metalis halogenebTan pirdapiri urTierTqmedebiT, garda NiF2-
isa [fTori nikels apasiurebs], romelic miiReba (NH4)2NiF4-is daSliT. 
nikelis yvela halogenidi wyalSi xsnadia da wyalxsnaridan heqsahidra-
tebis saxiT gamoiyofa, garda NiF2-isa, romelic warmoqmnis NiF2·3H2O. 
nikelis halogenidebi nikel(II)-isTvis naklebad damaxasiaTebel tetraed-
rul kompleqsebs warmoqmnian: [NiCl4]2-, [NiBr4]2-. 

nikelis marilebis wyalxsnarze fuZe cianidebis moqmedebiT mwvane 
naleqi gamoiyofa, romelic Warb cianidSi advilad ixsneba: 

NiCl2 + 2NaCN→ Ni(CN)2↓ + 2NaCl 
                                            Ni(CN)2 + 2NaCN → Na2[Ni(CN)4] 
Ni(CN)2 _ nikelis diciani polimeria: 

Ni

C

N

N

C Ni

C

N

 
 

[Ni(CN)4]2- _ diamagnituri brtyel-kvadratuli aRnagobis kompleqsuri 
ionia. es aRnagoba ganapiroba im Zlieri velis gavlenam, rac CN¯-ionebs 
axasiaTebs. 

cnobilia agreTve nikelis Tiocianati, romelsac Semdegi reaqciiT 
Rebuloben: 

NiSO4 + Ba(CNS)2→ BaSO4↓ + Ni(CNS)2 
romelic Warb TiocianatTan moqmedebs da warmoqmnis kompleqsur 

ionebs [Ni(CNS)4]2- da [Ni(CNS)6]4-, isini kristaluri  formiT gamoyofilia 
xsnaridan. 

nikelis kationuri kompleqsebidan mdgradia oqtaedruli heqsaakva- 
da heqsaamino kompleqsebi. akvakompleqsebi Ria mwvane ferisaa, romelic 
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[Ni(H2O)6]2+ ionis feria. nikelis uwylo marilebi halogenidebi (garda NiJ2 
_ romelic Savia), NiSO4, Ni(NO3)2, Ni(CN)2… yviTeli ferisaa. maTi 
wyalxsnarebi ki mwvanea. aseTive feri axasiaTebs nikelis 
kristalhidratebsac: Ni(NO3)2·6H2O, NiSO4·6H2O, NiSO4·7H2O da a.S. 

aminokompleqsebi Zalian advilad miiReba myari marilebis amiakTan 
urTierTqmedebiT: 

NiCl2 + 6NH3→ [Ni(NH3)6]Cl2 
[Ni(NH3)6]2+ _ intensiuri lurji ferisaa. garda akva- da  amiakaturi 

kompleqsebisa, cnobilia agreTve am ligandebis Semcveli Sereuli 
kompleqsebi: [Ni(H2O)6-n(NH3)n]2+, sadac n=1-6, es cvlileba feris 
cvlilebaSic aisaxeba: Ria mwvanedan lurjamde, rac dakavSirebulia 
gaxleCvis energiis (∆) gazrdasTan, ris gamoc StanTqmis zolebis 
gadanacvleba xdeba ufro mokle talRis sigrZeebisaken. 

miRebulia agreTve cianiduri kompleqsi K4[Ni(CN)4]. es naerTi Zlieri 
aRmdgenia: 

K4[Ni(CN)4] + 2H2O → K2[Ni(CN)4] + 2KOH + H2↑ 
nikel(II)-is kompleqsebis umravlesoba oqtaedrulia, maSin roca Pt(II) 

da Pd(II)-is kompleqsebis tipuri forma brtyelkvadratulia. nikel(II)-is 
oqtaedruli kompleqsebi paramagnituria, xolo Pt(II) da Pd(II)-is brtyel-
kvadratuli kompleqsebi diamagnituria. es gansxvaveba gamoiwvia Pt+2 da 
Pd+2 (rogorc 6d da 5d elementebSi) gaxleCvis energiebis gazrdam nikel-
Tan SedarebiT, romelic IV periodis elementia (3d), gaxleCvis maRali 
energiis SemTxvevaSi ori eleqtroni aRmoCndeba ra maRali energiis gam-
TiSav (σdgamT.) orbitalze, energetikulad ufro xelsayreli xdeba maTi 
moSoreba da Pt(II) da Pd(II)-is JangviTi ricxvis gazrda (+4)-mde, rac dakav-
Sirebulia oqtaedruli kompleqsis brtyelkvadratulad gardaqmnasTan. 

nikels axasiaTebs Sidakompleqsuri naerTebis warmoqmnis unaric. es 
naerTebi gamoirCevian gansakuTrebuli dabali xsnadobiT, amitom maT 
xSirad iyeneben analizur qimiaSi. am klasis kompleqsTa erT-erTi 
mniSvnelovani warmomadgenelia _ nikeldimeTilglioqsimi, romelic 
nikelis raodenobrivi gansazRvrisaTvis gamoiyeneba. is mkveTri wiTeli 
feris naleqia, misi warmoqmnis reaqciis sqema (Cugaevis reaqcia) aseTia: 

 

Ni2+  +
CH3 C NOH

CH3 C NOH
2

CH3 C N

CH3 C N

OH

O

Ni
CH3CN

CH3CN

OH

O  
 

sqema 20. 
 

miRebuli naerTi amiakaluri, neitraluri an susti mJava (CH3COOH) 
xsnarebidan ileqeba, radgan TviTon fuZe bunebisaa Zlier da saSualo 
siZlieris mJavebTan marilebs warmoqmnis. 
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meCvidmete Tavi 
 

platinis metalebi 
 

 

platinis jgufis metalebi aerTianebs perioduli sistemis VIII 
jgufis meore da mesame triadis elementebs: ruTeniumi (Ru), osmiumi (Os), 
rodiumi (Rh), iridiumi (Ir), paladiumi (Pd) da platina (Pt). maTgan yvelaze 
adre platina aRmoaCines (italieli mecnieri iulius skaligeri, 1735w), 
xolo yvelaze bolos − ruTeniumi (karl klausi, ruseTi, 1844w).  

 

cxrili 14 
 

elementi savalento eleqtronebi 
Ru 4d75s1 
Rh 4d85s1 
Pd 4d105s0 
Os 5d66s2 
Ir 5d76s2 
Pt 5d96s1 

 
 

cxrili 15. atomebis pirveli da meore ionizaciis  
potencialebis mniSvnelobebi 

 

elementi ionizaciis 
potencialebi, 

ev. 
Ru Rh Pd Os Ir Pt 

E -e- E+
 

7.37 7.36 8.34 9.1 8.9  

E -e- E2++
 

16.8 18.1 19.4 17 17 18.6 

 

 

bunebaSi gavrceleba: bunebaSi gavrcelebuli arian ZiriTadad TviT-
nabadi saxiT da TiTqmnis yovelTvis erTad. isini iSviaTi elementebia, 
maTgan yvelaze metad gavrcelebulia platina, romelic dedamiwis qerqis 
10-6%-s Seadgens, maSin roca yvela danarCeni erTad 10-7%-ia. erTi da igive 
madani aramarto platinis jgufis yvela metals Seicavs erTad, aramed 
sxva keTilSobil metalebsac: spilenZi, vercxli, oqro, isini ganbneuli 
arian dariSxanisa da zogierT sxva elementis sulfidur madnebSi. 

 

qimiuri Tvisebebi: platinis metalebi Zlieri kompleqswarmomqmne-
lebia. isini erTmaneTs imdenad gvanan, rom maTi erTmaneTisagan dacileba 
mniSvnelovan siZneleebTan aris dakavSirebuli. movercxlisfro TeTri 
metalebia. naklebreaqciisunariani da mdgradi qimiuri reagentebis 
mimarT. zogierTi maTgani ara Tu calkeul mJavaSi samefo wyalSic ki ar 
ixsneba (Os, Ru, Ir). platinis yvela metali SeiZleba xsnad mdgomareobaSi 
iqnas gadayvanili Semdegi reaqciiT: 

E + 3KNO3 +2KOH → K2EO4 + 3KNO2 +H2O 
 

jgufis nomris Sesabamisi umaRlesi JangviTi ricxvis mqone naerTebs 
mxolod osmiumi (aRmoaCina ingliselma mecnierma s. tenantma 1804 wels) 
da ruTeniumi warmoqmnis. OsO4 am metalebis oqsidebs Soris yvelaze 
mdgradi oqsidia. advilad lRobadi (410C) kristalebia mkveTri suniT 
(qloris), momwamlavia. wyalSi kargad ixsneba, es xsnari lakmusze mJava 
reaqcias ar iZleva, magram mJava oqsidis Tvisebebs tuteebTan da tute 
metalebis ftoridebTan reaqciebSi amJRavnebs: 
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2KOH + OsO4 K2[OsO4(OH)2]
 

2KF + OsO4 K2[OsO4F2]
 

OsO4 rbili mJangavia, aRdgeba OsO2-mde. gamoiyeneba katali-zatorad 
organul sinTezebSi. miRebulia osmiumis oqtafToridic pordapiri 
urTierTqmedebiT 2500C-ze. is Zlieri mJangavia, wyliT iSleba. 

OsF8 + 4H2O OsO4 + 8HFOsF8 + 4H2O OsO4 + 8HF  
RuO4-ic mJavuri bunebis nivTierebaa (lR.t. 25,40C), aqvs ozonis suni 

da momwamlavia. wyalSi ixsneba. OsO4-Tan SedarebiT aramdgradia, 1080C-ze 
afeTqebiT iSleba: 

RuO2 + O2RuO4  
 RuO4 Zlieri mJangavia, tutesTan urTierTqmedebs. 

2Na2RuO4 + O2 + 2H2O4NaOH + 2 RuO4  
Os da Ru  +4 JangviTi ricxviT warmoqmnian oqsidebs, halogenidebsa 

da mravalricxovan anionur kompleqsebs zogadi formuliT:    

X = Cl, Br; E = Os, Ru.[EX6]M+1
2  

Sesabamisi oqsidebi wyalSi uxsnadebia, moqmedeben halogenwyalbad-
mJavebTan anionuri kompleqsebis warmoqmniT:  

H2[OsCl6] + 2H2OOsO2 + 6HCl  
miRebulia Os da Ru heqsaftoridebic RuF6, OsF6 isini Zlier 

reaqciisunariani arian, advilad iSlebian fTorad da dabali rigis 
fToridebad. 

 rodiumi da iridiumi gansxvavebiT ganxiluli metalebisagan, ar 
warmoqmnian oqsidebs da oqsoanionebs umaRlesi JangviTi ricxvebiT. 
rodiums, ZiriTadad, axasiaTebs +3 JangviTi ricxvi, xolo iridiums +3 da 
+4. iridiumi gamoirCeva gansakuTrebuli qimiuri mdgradobiT, masze 
“samefo wyalic” ki ar moqmedebs. agreTve Zalian maRali lRobis 
temperaturiT da simagriT. 

iridiumis platinasTan Senadnobi (90%Pt da 10% Ir) gamoiyeneba 
sxvadasxva samecniero aparaturis nawilebis dasamzadeblad. zemoaRniS-
nuli Senadnobisagan amzadeben metrisa da kg-is saerTaSoriso 
etalonebs. 

rodiumisa da iridiumisaTvis damaxasiaTebelia oqsidebi E2O3 da 
hidroqsidebi E(OH)3 SedgenilobiT. halogenidebi EHal3, marilebi E2(SO4)3, 
Rh(NO3)3. Ir(III)-is naerTebi met-naklebad advilad iJangebian (+4)-mde. 

Ir(OH)3  haerze Ir(OH)4 -mde iJangeba. 4000C-mde gacxelebisas Ir2O3 
ganicdis disproporcionirebas. 

2Ir2O3 3IrO2 + Ir
 

kationuri kompleqsebidan maTTvis damaxasiaTebelia aminokompleqse-
bi [E(NH3)6]X3 sadac X yvelaze xSirad, Cl- da NO2

--ia, da kompleqsebi, sadac 
NH3-is jgufi nawilobriv sxva ligandiT aris Canacvlebuli: 
[E(NH3)5(H2O)]X3, [E(NH3)5X]X2 da a.S. 

damaxasiaTebelia anionuri kompleqsebic Me3[E(CN)6] da Me3[E(NO2)6]. 
Co(III)-isgan gansxvavebiT rodiumis da iridiumis kompleqsuri 
halogenidebi gacilebiT mdgradia. 

RhCl3 + 3HCl H3[RhCl6]
 

              rodiumheqsaqlorwyalbadmJava 
 

mwvane feris natriumis heqsaqloriridati Na3[IrCl6] warmoadgens 
gamosaval nivTierebas iridium(III)-is naerTebis misaRebad. rodiumis 
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uxsnadi kompleqsis [Rh(NH3)3Cl3)]-is warmoqmna gamoiyeneba rodiumis 
platinis sxva metalebisagan dasacileblad. am naerTis wyalbadis 
nakadSi gacxelebisas metaluri rodiumi miiReba. 

iridiumisaTvis misi atomis +4 JangviTi ricxviT damaxasiaTebelia 
dioqsidi IrO2, hidroqsidi Ir (OH)4, halogennidebi – IrHal4, romlebic wyliT 
srulad hidrolizdebian. Ir(IV)-isTvis damaxasiaTebelia kompleqsuri 
qloridebi Me2[IrCl6]: 

IrO2 + 4 HCl + 2NaCl Na2[IrCl6] + 2H2O
 

Na2[IrCl6] wyalSi kargad ixsneba, xolo kaliumis qvejgufisa da 
amoniumis marilebi cudad. (NH4)2[IrCl6]-is mcired xsnadoba gamoyenebulia 
iridiumis danarCeni platinis metalebisagan dasacileblad. am naerTis 
wyalbadis atmosferoSi gavarvarebisas miiReba sufTa iridiumi. 

rodiumi da iridiumi ftoris atmosferoSi wvisas heqsaftoridebs 
warmoqmnian, romlebic aramdgradebi da Zlier mJangavebi arian, 
energiulad Slian wyals: 

2IrF6 + 10H2O 2Ir(OH)4 + 12HF +O2  
uwylo areSi rodiumi da iridiumi Jangaven Tavisufal qlorsa da 

NO-s. 
2RhF6 + 3Cl2 2RhF3 + 6ClF  

 
platina da paladiumi maTi naerTebis umravlesobaSi (+2) da (+4) 

JangviT ricxvs avlenen. orive mdgomareobaSi kompleqswamoqmnis maRali 
unariT xasiaTdebian – gansakuTrebiT platina. qimiuri TvalsazrisiT, 
paladiumi platinis jgufis metalebs Soris yvelaze gansxvavebulia. is 
gamoirCeva mniSvnelovnad maRali qimiuri aqtiurobiT, wiTlad varvarebis 
pirobebSi uerTdeba Jangbads da warmoqmnis PdO-s, ixsneba azotmJavaSi, 
cxel konc. gogirdmJavasa da samefo wyalSi.  

Pd(II)-is da Pt(II)-is oqsidebi da hidroqsidebi Savi feris wyalSi 
uxsnadi nivTierebebia, PtO mJavebSic ar ixsneba. Pd(II)-Tvis damaxasia-
Tebelia tetraakvaioni [Pd(H2O)4]2+ – mura wiTeli feris ramdenime 
kristalhidrati: 

P PdCl2.2H2O;  Pd(NO3)2.2H2O;  PdSO4.2H2O;  Pd(ClO4)2.4H2O  
 Pd(II)-is akvakompleqsebi da oqsomJavebis marilebi aramdgradia. Pd(II)-

isa da Pt(II)-is kationuri kompleqsebidan gansakuTrebuli mdgradobiT 
gamoirCeva amiakaturi kompleqsebi [Pd(NH3)4]2+, [Pt(NH3)4]2+, isini advilad 
miiReba paladiumis marilebis amiakTan pirdapiri urTierTqmedebiT:  

PdCl2 + 4NH3 [Pd(NH3)4]Cl2  
anionuri kompleqsebidan yvelaze mdgradia cianiduri kompleqsebi 

[Pt(CN)4]2-, [Pd(CN)4]2--ionebiT.  
nikelisagan gansxvavebiT Pd(II)-is da Pt(II)-is kompleqsuri halogeni-

debi gacilebiT mdgradia. 
Cl-, Br-, I- am mimarTulebiT kompleqsTa mdgradobis gazrda dakavSire-

bulia metalsa da halogens Soris bmis ganmtkicebasTan π-datiuri 
urTierTqmedebis gaZlierebis gamo, rac halogen-ionebis d-orbitalebis 
zomebis zrdiT aris gamowveuli. K2[PtCl4] da Na2[PtCl4] platinis sxvadasxva 
naerTebis misaRebad gamosaval naerTebs warmoadgenen. 
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cxrili 16. kompleqsuri ionebis mdgradobis konstantebi 
     

 
 
 
 
 
 
 
 
 
 
cnobilia, agreTve kompleqsebi, romlebSic Pt(II) da Pd(II) erT-

droulad Sedian kationis da anionis SedgenilobaSi. es naerTebi 
advilad miiReba gamosavali naerTebis xsnarebis SereviT: 

[Pt(NH3)4]Cl2 + K2[PtCl4] [Pt(NH3)4][PtCl4] + 2KCl  
kationur da anionur kompleqsebTan erTad Pd(II) da Pt(II)-saTvis 

damaxasiaTebelia sakmaod mravalferovani neitraluri kompleqsebic. 
[E(NH3)2X2] (X=Cl-, Br-, NO2

-) am tipis naerTebisaTvis damaxasiaTebelia cis-
trans izomeria. mag., [Pt(NH3)2Cl2] Seesabameba ori sruliad gansxvavebuli 
Tvisebebis naerTi narinjisferi cis-izomeri da yviTeli trans-izomeri. 
cis-izomers trans-izomerisagan gansxvavebiT mkveTrad gamoxatuli 
avTvisebiani simsivnis sawinaaRmdego fiziologiuri aqtiuroba 
axasiaTebs. arsebiTad gansxvavdeba maTi miRebis meTodebic. 

K2[PtCl4] + 2NH3 [Pt(NH3)2Cl2] + 2KCl
cis-izomeri  

[Pt(NH3)4Cl2] + 2HCl [Pt(NH3)2Cl2] + 2NH4Cl
trans-izomeri

 
cis-forma polarulia, μ>0, trans-forma ki arapolaruli μ=0. 
cis- da trans-formebi qmnian wonasworul sistemas, romlis dipo-

luri momentis mniSvnelobac aCvenebs am sistemaSi trans izomeris siWar-
bes, rac entropiuli faqtoriT unda iyos ganpirobebuli. (trans-izome-
ris SemTxvevaSi gamxsnelis arasolvatirebuli molekulebis ricxvi 
iqneba ufro didi). 

aRniSnuli kompleqsebis Seswavlisas Cerniaevi mivida daskvnamde, rom 
trans-mdgomareobaSi myofi ligandebis reaqciisunarianoba xSir 
SemTxvevaSi izrdeba da amave dros sxvadasxva ligandis trans-gavlena 
sxvadasxvaa. Cerniaevma Camoayaliba trans-gavlenis principi, romlis 
mixedviTac, zogierTi ligandi zrdis masTan trans-mdgomareobaSi myofi 
ligandis Canacvlebis unars. eqsperimentiT dadgenilia Pt(II)-is naerTe-
bisaTvis ligandTa trans-gavlenis zrdis aseTi Tanmimdevroba: 

H2O < NH3 < OH-< Cl-< Bi < SCN-
 

I-< NO2
- < CO < CN -  

A

B
Pt

Cl

Cl

+NH3

-Cl-

A

B
Pt

Cl

NH3     

A-s trans-gavlena aRemateba B-s trans gavlenas. 
Tu reaqcia wava aseTi mimarTulebiT: 

kompleqsuri ionebi mdgradobis konstantebi 

[PdCl4]2-
 

15.5 

[PdBr4]2-
 

13.1 

[PdI4]2-
 

25.0 

[PtCl4]2
-
 

16.0 

[PtBr4]2-
 

20.5 

[PdI4]2
- 30.0 
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A

B
Pt

Cl

Cl

+NH3

-Cl-

A

B
Pt

Cl

NH3

 
maSin B-s aqvs ufro Zlieri trans gavlena:  

Pt
Cl

Cl

+NH3
Cl

Cl
Pt

Cl

NH3

Cl

Cl
2-

+NH3
Cl

Cl
Pt

NH3

NH3

 
ramdenadac Cl--ionis trans-gavlena NH3-ze maRalia, meore safexurze 

ligandis Canacvleba moxdeba Cl--ionis mimarT trans-mdgomareobaSi, 
amitom [PtCl4]2--isgan mxolod cis-izomeri miiReba, xolo [Pt(NH3 )4]--isgan ki 
trans-izomeri. 

2+

Pt
NH3

NH3

H3N

H3N +Cl- Pt
NH3

NH3

H3N

Cl +Cl-
Cl

Pt
Cl

NH3

H3N
 

JangviTi ricxvi +4 ZiriTadad platinisaTvis aris damaxasiaTebeli. 
Pd(IV)-is nawarmebi mcirericxovani da Tanac aramdgradi naerTebia, isini 
Zlieri mJangavebia. cnobilia PtO2, hidroqsidi Pt(OH)4, PtS2 da mravalric-
xovani kationuri, anionuri da neitraluri kompleqsebi, romelSic Pt-is 
koordinaciuli ricxvi 6-is tolia da konfiguracia oqtaedruli. 

Pt(IV)-is binaruli naerTebi pirdapir urTierTqmedebiT miiReba 
platinis wiTeli varvarebis temperaturaze. maTi miReba SeiZleba 
agreTve Sesabamisi kompleqsuri naerTebis daSliTac.  

platinis samefo wyalSi gaxsnisas miiReba H2[PtCl6] heqsaqlor-
platinis mJava, romelic xsnaris aorTqlebisas mura wiTeli feris 
kristalhidratis saxiT gamoiyofa:  H2[PtCl6]•3H2O. am mJavis K-is marili 
kaliumis marilebs Soris yvelaze mcired xsnadia; gamoiyeneba analizur 
qimiaSi. 

qloris nakadSi 3600C mde gacxelebisas H2[PtCl6]  iSleba:  

H2[PtCl6] PtCl4 + 2HCl  
H2[PtCl6]-is xsnarze tutis xsnaris damatebisas gamoiyofa Pt(OH)4-is  

mura naleqi: 

H2[PtCl6] + 4NaOH Pt(OH)4 + 4NaCl + 2HCl  
Pt(OH)4 platinis mJavas uwodeben, masSi fuZe bunebas mJavuri Warbobs: 

Pt(OH)4 + 2NaOH Na2[Pt(OH)6]
 

Pt(OH)4 +6HCl H2[PCl6] + 4H2O
 

tetrahalogenidebisTvis Zalian damaxasiaTebelia halogenwyalbadeb-
Tan da fuZe halogenidebTan reaqcia anionuri kompleqsebis warmoqmniT 
([Pt(Hal)6], sadac Hal = Cl, Br, I): 

PtCl4 + 2HCl H2[PtCl6]  
2NaCl + PtCl4 Na2[PtCl6]  

[Pt(Hal)6]2--ionebi Zalian mdgradia ([PtF6]2--is garda), AgNO3 moqmedebiT 
gamoiyofa ara AgCl, aramed Ag2[PtCl6]-is mura naleqi. [Na2PtCl6] wyalSi 
kargad ixsneba, maSin roca kaliumis qvejgufis da amoniumis marilebi 
wyalSi cudad ixsnebian da wyalxsnaridan gamoiyofian yviTeli krista-
lebis saxiT. [PtX6]2--is garda, (sadac X=Cl-, Br-, I-, CN-, CNS-, OH-) cnobilia 
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agreTve sxvadasxva ligandebis Semcveli mravalricxovani anionuri 
kompleqsebi. erT-erTi maTganis miReba SeiZleba PtCl4-is hidroliziT: 

PtCl4 + 2HOH H2[Pt(OH)2Cl4]
 

paladiumi da platina sxva 5d-elementebis msgavsad warmoqmnian heqsa-
fToridebs PtF6 da PdF6. isini aramdgradebi da Zlieri mJangavebi arian. 
PtF6 yvelaze Zlieri maftorirebeli naerTia. energiulad moqmedebs meta-
lur uranTan UF6-is warmoqmniT, Slis wyals Jangbadis gamoyofiT, 
moqmedebs minasTan, Jangavs molekulur Jangbads O2

+[PtF6]--is warmoqmniT. 
miuxedavad siZvirisa da Znelad misawvdomobisa, am elementebis 

gamoyenebis sfero yovelwliurad ufro da ufro mravalferovani da 
mzardi xdeba. platina gamoiyeneba sxvadasxva aparatebSi koroziamedegi 
detalebis dasamzadeblad. mTel rig eleqtroqimiur sawarmoebSi gamoiye-
neba platinis anodi (peroqsodigogirdmJavas, perqloratebis, 
perboratebis warmoeba). platina _ rogorc katalizatori (azotmJavas da 
gogird-mJavas warmoeba). platina-reniumis katalizatori gamoiyeneba 
maRaloqtanuri ricxvis mqone benzinebisa da sinTezuri kauCukebis 
misaRebad saWiro monomerebis warmoebaSi. platina gamoiyeneba wyalbadis 
eleqtrodis da sxvadasxva samkaulebis (mag., Zvirfasi Tvlebis «CarCos») 
dasamzadeblad.  

paladiumi gamoiyeneba specialuri laboratoriuli WurWlis 
dasamzadeblad, agreTve im aparatebis detalebis dasamzadeblad, 
romelic gamoiyeneba wyalbadis izotopebis dasacileblad. misi 
vercxlTan Senadnobi gamoiyeneba sakontaqto nawilebis dasamzadeblad. 
TermowyvilebSi gamoiyeneba Pd-is Senadnobi oqrosTan, platinasTan, 
rodiumTan. is aris mTeli rigi Jangva-aRdgeniTi reaqciebis katali-
zatori. paladiumis katalizatori gamoiyeneba wyalbadisagan Jangbadis 
minarevebis mosacileblad. 

 gansakuTrebiT aRsaniSnavia paladiumis unari, gaxsnas uzarmazari 
raodenobiT wyalbadi. (metalis 1 moc. 900 moc. H2). am dros paladiumi 
metalis saxes inarCunebs, magram moculobaSi Zalian izrdeba. 
STanTqmuli wyalbadi daaxloebiT atomur mdgomareobaSia, amitom Zalian 
aqtiuria. wyalbadiT gajerebuli paladiumi qlors, broms da iods 
halogenwyalbadebad gardaqmnis. aRadgens rkina(III)-is marilebs rkina(II)-
mde, gogirdis dioqsids gogirdwyalbadamde. 

paladiumis vercxlTan Senadnobi samkaulebis dasamzadeblad 
gamoiyeneba. misi vercxlTan Senadnobi (17%-dan 30%-mde paladiumi) haerze 
H2S-is moqmedebiT ar Savdeba. 
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meTvramete Tavi 
 

perioduli sistemis  I jgufis d-metalebi 
 

zogadi SedarebiTi daxasiaTeba: spilenZi, vercxli da oqro im Svid 
metalTa ricxvs miekuTvneba, romlebic istoriamdel metalebad 
iwodebian. esenia: oqro, vercxli, spilenZi, rkina, kala, tyvia da 
vercxliswyali. es metalebi uxsovari droidan aris adamianisTvis 
cnobili. maTgan gansakuTrebiT mniSvnelovania Cu, Ag da Au, romelTac 
didi roli miuZRviT zogadsakacobrio kulturis CamoyalibebaSi. amaze 
isic metyvelebs, rom kacobriobis ganviTarebis sakmaod mniSvnelovan 
periods spilenZis xana warmoadgenda, romelic brinjaos xanam Secvala. 

daaxloebiT 5000 wlis win Seiqmna xeopsis piramida, romlis masalac 
_ 3200000 qvis lodi, spilenZis iaraRebiT iqna mopovebuli da gaTlili. 
am metalebis bunebaSi gavrcelebis formebma da madnebidan miRebis 
siadvilem adamianebs saSualeba misca maTi gamoyeneba maSin daewyoT, ro-
ca mecniereba jer kidev ar arsebobda. 

Cu, Ag da Au _ IB jgufis d-metalebia. maT atomebSi boloswina (n-1)d 
orbitalze unda iyos 9 eleqtroni (d9), magram d10-konfiguraciis mdgra-
dobis gamo energetikulad ufro xelsayrelia erT-erTi s-eleqtronis  
(n-1)d orbitalze gadasvla. aqedan gamomdinare, gare SreSi maT TiTo     
s-eleqtroni aqvT tute metalebis msgavsad, magram maTgan gansxvavebiT 
boloswina Sre 18-eleqtroniani aqvT (tute metalebs ki, inertuli 
airebis msgavsad, 8-eleqtroniani). 

rogorc cnobilia, d-elementebi xasiaTdeba (n-1)d, ns da np-orbitalebis 
energetikuli siaxloviT. aqedan gamomdinare, maTi savalento 
orbitalebis eleqtronuli konfiguraciebia 

Cu   3d104s1,    Ag     4d105s1,    Au     5d106s1 

aqedan gamomdinare, isini cvalebadvalentiani metalebia.  
IB jgufis elementebis ionizaciis pirveli energiebi tute 

metalebTan SedarebiT maRalia: 
Cu = 7,73 ev,  Ag = 5,3 ev, Au = 9,3 ev. 

es SeiZleba aixsnas gare eleqtronebis birTvisaken efeqturi 
SeRweviT, kerZod, ns-eleqtronebis (n-1)d10 ekranis qveS moxvedriT, rac s-
eleqtronebis birTvTan kavSirs aZlierebs da Sesabamisad zrdis 
ionizaciis energias. Ag-Si, rogorc vxedavT, ionizaciis pirveli energia 
SedarebiT dabalia, rac mTavari kvanturi ricxvis zrdiT unda iyos 
gamowveuli. xolo oqros SemTxvevaSi ionizaciis energiis SesamCnevi 
zrda ganpirobebulia 6s-eleqtronis ormagi ekranis 5d10 da 4f14-is qveS 
moxvedriT. amasTan aRsaniSnavia, rom ionizaciis meore energiebi tute 
metalebTan SedarebiT dabalia, rac tute metalebSi inertuli airebis 
msgavsi dasrulebuli boloswina orbitalebiT aris ganpirobebuli. 
SedarebiT maRali ionizaciis meore energia aqvs vercxls, rac 4d10 
konfiguraciis gansakuTrebuli mdgradobiT aixsneba. amaze isic 
metyvelebs, rom es konfiguracia ukve vercxlis wina d-element Pd-Si 
miiRweva ori eleqtronis Cavardnis xarjze. swored amitom vercxli 
naerTebSi ZiriTadad erTvalentiania. spilenZs da oqros ki (+1) JangviTi 
ricxvi naklebad axasiaTebs. spilenZi naerTebSi ZiriTadad (+2) JangviTi 
ricxviT aris warmodgenili, oqro ki (+3)-iT. atomuri nomris zrdasTan 
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erTad (iseve, rogorc sxva d-metalebSi) izrdeba am elementebis 
naerTebis mdgradoba maRali JangviTi ricxviT. 

saerTod, d-metalebi da maT Soris Cu, Ag, Au atomebs Soris kavSiris 
siZlieris gamo (d-eleqtronebis monawileoba) xasiaTdebian maRali 
simkvriviT, aseve maRali lRobisa da duRilis temperaturiT (SedarebiT 
s- da p-elementebTan). eleqtronisadmi swrafva  am  qvejgufis  elementebs  
sakmaod  maRali aqvs. rac ganapirobebs Cu-is qvejgufis elementebis 
kovalenturi bmebis warmoqmnisadmi swrafvas. 

Cu, Ag da Au amave dros VIII jgufis d-metalebis (Ni, Pd, Pt) momdevno 
elementebia, amitom rigi TvisebebiT isini am metalebTanac arian axlos 
da iCenen keTilSobil metalTa Tvisebebs. maTi kationebi advilad 
aRdgeba, isini ver Slian wyals, maTi hidroqsidebi susti fuZeebia, amfo-
terulic ki. spilenZis qvejgufis yvela metali kargi kompleqswarmomqm-
nelia, isini warmoqmnian rogorc kationur, ise anionur kompleqsebs, 
amasTan, rogorc saerTod d-metalebisTvis aris damaxasiaTebeli, 
JangviTi ricxvis zrdasTan erTad izrdeba anionuri komplqsebis 
warmoqmnis unari. 

Cu-is, Ag-is da Au-is qimiuri aqtivoba dabalia da atomuri nomris 
zrdasTan erTad klebulobs. es metalebi SedarebiT advilad Sedis reaq-
ciaSi halogenebTan (Cu _ Cveulebriv pirobebSi, Ag da Au − gacxelebiT), 
Jangbads uSualod mxolod spilenZi uerTdeba, wiTeli varvarebis tempe-
raturaze miiReba CuO, ufro maRal temperaturaze _ Cu2O (∆G298 Cu2O _ 129 
kj/moli, ∆G298 Ag2O _ 11 kj/moli). Ag2O aramdgradia, advilad iSleba 
kidec, kidev ufro aramdgradia Au2O. aRsaniSnavia, rom es elementebi, 
JangbadTan SedarebiT, gacilebiT met swrafvas gogirdisadmi avlenen. 
vercxli da spilenZi gogirds uSualod uerTdeba, vercxli _ 
Cveulebriv temperaturaze, spilenZi ki _ gacxelebisas: 

2Ag + S → Ag2S 
2Cu + S → Cu2S 

spilenZis sagnebs haerze xangrZlivi moxmarebisas (gansakuTrebiT ma-
Ral temperaturaze), monacrisfro-mwvane feris laqebi uCndeba, rasac 
Semdegi reaqcia ganapirobebs: 

2Cu + O2 + CO2 + H2O → Cu2(OH)2CO3 
aRniSnuli feri spilenZis fuZe-karbonatis damaxasiaTebeli feria. 
vercxlis sagnebi haerze Savdeba, rac haerSi H2S-is SemcvelobiT da 

misi monawileobiT mimdinare Semdegi reaqciiT aris gamowveuli: 
4Ag + O2 + 2H2S → 2Ag2S + 2H2O 

es metalebi maTi standartuli eleqtroduli potencialebis mniSvne-
lobidan gamomdinare, metalTa Zabvis mwkrivSi wyalbadis Semdeg arian 
moTavsebuli, amitom isini im mJavebTan, romlebic metalebs H+-ionebiT 
Jangavs, ar moqmedebs. xolo iseT mJavebTan, romelTa anionebic mJangavia, 
spilenZi da vercxli reaqciaSi Sedis, magaliTad, konc. H2SO4-Tan da 
azotmJavasTan, rogorc koncentrirebulTan, ise ganzavebulTan. oqro 
ixsneba cxel konc. selenmJavaSi: 

2Au + 6H2SeO4 → Au2(SeO4)3 + 3H2SeO3 + 3H2O 
oqro kargad ixsneba samefo wyalSi da Cl2-iT gajerebul HCl-Si,    

orive aRniSnul SemTxvevaSi reaqciis saboloo produqtia anionuri 
kompleqsi H[AuCl4]. 

Au + 4HCl + HNO3 → H[AuCl4] + NO + 2H2O 
2Au + 3Cl2 + 2HCl → 2H[AuCl4] 
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tutesTan mJangavebis gamoricxvis pirobebSi Cu, Ag, Au reaqciaSi ar 
Sedis, magram yvela maTgani ixsneba fuZe cianidebis wyalxsnarSi 
Jangbadis Tanaobisas: 

4Au + O2 + 8KCN + 2H2O → 4K[Au(CN)2]  + 4KOH 
4Ag + O2 + 8KCN + 2H2O → 4K[Ag(CN)2]  + 4KOH 
4Cu + O2 + 8KCN + 2H2O → 4K[Cu(CN)2]  + 4KOH 

spilenZi amiakis wyalxsnarSic ixsneba Jangbadis Tanaobisas: 
4Cu + O2 + 8NH3 + 2H2O → 4[Cu(NH3)2]OH 

 

gavrceleba bunebaSi: samive metali bunebaSi TviTnabadi saxiT aris 
gavrcelebuli, gansakuTrebiT _ oqro. spilenZis bunebrivi naerTebidan 
aRsaniSnavia Cu2S _ spilenZis kriala, CuFeS2 _ spilenZis kolCedani, Cu2O _ 
kupriti, Cu2(OH)2CO3 _ malaqiti da a.S. 

vercxli damoukidebel sabadoebs iSviaTad qmnis, bunebriv naerTebs 
Soris aRsaniSnavia Ag2S − vercxlis kriala. es naerTi bunebaSi 
spilenZis, tyviis, dariSxanis da anTimonis sulfidebTan erTad gvxvdeba. 
gavrcelebulia agreTve  Ag3SbS3, Ag3AsS3, halogenidebi: AgCl, AgBr da 
iSviaTad AgI.  

oqro bunebaSi ZiriTadad Tavisufali saxiT gvxvdeba. iSviaTad 
telurTan naerTis saxiT _ Au2Te, AuAgTe4. TviTnabadi oqro 
saqarTveloSic moipoveba. 

 
 

18.1. spilenZi 
 

miReba: rogorc cnobilia, spilenZs adamianebi uxsovari droidan iye-
nebdnen, rasac xels uwyobda civ mdgomareobaSi Wedvis unari da madnebi-
dan gamodnobis SedarebiTi simartive. 

spilenZisagan adamianebma brinjaos damzadeba daiwyes, rogorc Cans, 
es Tavidan SemTxveviT moxda. brinjaos didi simkvrive da simagre, 
agreTve advilad lRobis unari xels uwyobda mraval sawarmoo sferoSi 
spilenZis brinjaoTi gamodevnas. spilenZisa da brinjaos warmoeba 
berZnebisagan romaelebma iswavles. isini spilenZs dapyrobili qveynebi-
dan mitacebuli madnebidan awarmoebdnen. damuSaveba xdeboda kretaze da 
kviprosze. swored am kunZulebis saxelwodebidan warmodgeba spilenZis 
laTinuri saxelwodeba „kuprum”.  

amJamad spilenZis miRebis samrewvelo meTodi Semdegi safexurebis 
gavliT mimdinareobs: jer madans amdidreben (flotaciuri gziT). 
gamdidrebul madans gamowvaven. sulfiduri minarevebis udidesi nawili 
gamowvisas oqsidebSi gadadis. spilenZis sulfiduri madnis ZiriTadi 
minarevi FeS2-ia. gamowvisas is Fe2O3-sa da SO2-s warmoqmnis. es ukanaskneli 
gogirdmJavas warmoebaSi gamoiyeneba. minarevebisgan warmoqmnili dariSxa-
nisa da surmis oqsidebi aqroladia. rkinis, TuTiisa da sxva araaqro-
ladi oqsidebis mosaSoreblad ki gamodnobis procesSi koqss da fluss 
umateben. mimdinare reaqciebis Sedegad bevri metalis oqsidi silikatebis 
saxiT widaSi gadadis. warmoqmnili Cu2S darCenil FeS-Tan naerTs _ 
Cu2S·FeS, e.w. „kupferSteins” warmoqmnis. Txevad Steins aTavseben konver-
torSi da haeris JangbadiT gardaqmnian. 

2Cu2S + 3O2 → 2Cu2O + 2SO2 
2Cu2O + Cu2S → 6Cu + SO2↑ 

am procesis Sedegad miiReba daaxloebiT 93-98% Cu-is Semcveli Savi 
anu nedli spilenZi, romlis rafinirebiT (ZiriTadad sveli meTodiT _ 
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eleqtroliziT) Rebuloben sufTa spilenZs. spilenZis minarevebi or 
jgufad SeiZleba daiyos: 

1. Fe, Zn, Ni, Co, romelTa eleqtroduri potencialebis uaryofiTi 
mniSvneloba spilenZze maRalia, amitom isini spilenZTan erTad 
xsnarSi gadadian, magram spilenZisagan gansxvavebiT, kaTodze ar 
aRdgebian, eleqtrolitis xsnarSi rCebian. 

2. Ag, Au anodur gaxsnas ar ganicdian da anodur Slams warmoqmnian. 
vercxls Seicavs spilenZisa da tyviis TiTqmis yvela madani. warmo-
ebuli vercxlis 80% swored am madnebidan aris miRebuli. oqro-
sagan gansxvavebiT, vercxli Zlier mJangav mJavebSi ixsneba da 
swored amiT xdeba maTi erTmaneTisagan daSoreba. 

garda pirometalurgiisa, spilenZis misaRebad hidrometalurgiac 
gamoiyeneba. am SemTxvevaSi spilenZis bunebrivi naerTebi xsnarSi  gadah-
yavT H2SO4-is xsnariT, xolo miRebuli marilebidan Cu-s rkiniT Caanacv-
leben an eleqtroliziT gamoyofen.  

spilenZis FfarTod gamoyenebuli Senadnobebia: 
bronze _ 90% Cu, 10%  Sn. 
melqiori _ 68% Cu,   30%  Ni,   1%  Mn,   1%  Fe. 
TiTberi _ 60% Cu,   40%  Zn. 
brinjaos Tavidan spilenZis kalasTan Senadnobs uwodebdnen, magram 

kala sakmaod Zviri metalia. amJamad arsebobs brinjao kalas gareSec _ 
aluminis, siliciumis, tyviis, manganumis da a.S. Semcveli. 

 

spilenZis naerTebi +1 JangviTi ricxviT. isini ZiriTadad misi maRali 
JangviTi ricxvis mqone naerTebis aRdgeniT miiReba: 

2CuCl2 + 2NaCl + SO2 + 2H2O → 2CuCl + Na2SO4 + 4HCl 
CuCl SeiZleba miviRoT spilenZis burbuSelaze koncentrirebuli ma-

rilmJavas moqmedebiT, gansazRvruli raodenobiT KClO3-is Tanaobisas. 
6Cu + 6HCl + KClO3 → 6CuCl + KCl + 3H2O 

Cu+ marilebidan wyalxsnarebSi mdgradia swored mciredxsnadi CuCl 
da agreTve CuCN. 

rogorc aRvniSneT, CuCl wyalSi mciredxsnadia, magram kargad ixsneba 
koncentrirebul HCl-Si da tute metalebis qloridebis koncentrirebul 
xsnarebSi anionuri kompleqsebis warmoqmniT: 

CuCl + HCl → H[CuCl2] 
CuCl + KCl → K[CuCl2] 

Cu+1-is akvaionebi aramdgradia. amitom Cu(I)-is marilebi kristal-
hidratebs ar warmoqmnis. e.i. maT ar axasiaTebs akvakompleqsebi, magram 
axasiaTebs amino da cianiduri kompleqsebi: 

CuCl+ 2NH3 → [Cu(NH3)2]Cl 
CuCN + NaCN → Na[Cu(CN)2] 

Cu+1-is naerTebi advilad iJangeba da disproporcionirdeba, gadadis 
Cu2+-is naerTebSi. 

4CuCl + O2 + 4HCl  → 4CuCl2 + 2H2O 
2CuCl ⎯→⎯t Cu + CuCl2 

Tumca wonasworoba 

2Cu1 ⇄ Cu0 + Cu+2 
pirobebze damokidebulebiT, SeiZleba gadaixaros nebismieri 

mimarTulebiT: 
2CuCl + 2en → [Cu(en)2]Cl2 + Cu 
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(sadac, en eTilendiaminia). es mimarTuleba ligandis xelaturma bunebam 
ganapiroba. araxelaturi ligandis SemTxvevaSi wonasworoba sawinaaRm-
dego mimarTulebiT gadainacvlebs: 

[Cu(NH3)4]2+ + Cu0 → 2[Cu(NH3)2]+ 
aseve 

2Cu(CN)2 → 2CuCN + (CN)2 
2CuI2 → 2CuI + I2 

Cu+1-is naerTebidan gansakuTrebuli mdgradobiT gamoirCeva CuCN, CuI, 
CuCNS, ris gamoc (+2) naerTebidan isini pirdapir miiReba: 

2CuSO4 + 4KCN → 2CuCN + (CN)2  + 2K2SO4  
2CuSO4 + 4KI → 2CuI + I2  + 2K2SO4  

rac Seexeba Cu+1-is oqsomarilebs, isini gacilebiT aramdgradia. mii-
Reba mxolod arawyalxsnarebSi. maTgan SedarebiT mdgradia Cu2SO4, 
romelic mxolod arawyalxsnarebSia mdgradi. miiReba Semdegi reaqciiT, 
sinestis gamoricxvis pirobebSi: 

Cu2O + (CH3)2SO4 ⎯⎯ →⎯ C060  Cu2SO4 + CH3OCH3 
wyliT es marili advilad ganicdis disproporcionirebas, ris Sedegadac 
miiReba Cu da CuSO4: 

Cu2SO4 → Cu + CuSO4 
oqsomarilebis aseTi aramdgradoba oqsoanionebis maRali JangviTi 

unariT da Cu2+-ionebis hidrataciis maRali energiiT aris ganpirobebuli. 
Cu+1-is marilebze tutis moqmedebiT miiReba hidroqsidi _ CuOH, 

romelic gacxelebiT advilad iSleba wiTeli feris Cu2O-s warmoqmniT. 
2CuCl + 2NaOH → 2CuOH + 2NaCl 

                 ↓ 
                                                                        Cu2O + H2O 
CuOH aramdgradia, magram mdgradia kompleqsuri fuZe [Cu(NH3)2]OH. 

CuOH + 2NH3 → [Cu(NH3)2]OH 
es aixsneba OH¯-ionebze metalTa kationebis mapolarizebeli 

moqmedebis SesustebiT amiakis molekulebiT ekranirebis gamo. 
Cu2O miiReba agreTve CuO-s gacxelebiT maRal temperaturaze: 

4CuO → 2Cu2O + O2 
CuOH da Cu2O orvalentiani marilebidanac miiReba tutisa da aRmdgen-

lis (glukoza, formalini da a.S.) erTdrouli moqmedebiT da gacxelebis 
pirobebSi: 

2CuSO4  + 4NaOH + C6H12O6 → 2Na2SO4 + 2CuOH + C6H12O7 
                                                       ↓t 

                                                                                             Cu2O + H2O 
spilenZi gogirdTan uSualo moqmedebisas Cu2S-ss warmoqmnis: 

2Cu + S → Cu2S 
Cu2O da Cu2S maRali temtepraturis mimarT gansakuTrebuli 

mdgradobiT gamoirCeva, maSin, roca maTi orvalentiani analogebi 
analogiur pirobebSi iSleba. 

Cu2O mJavebis moqmedebisas disproporcionirdeba: 
Cu2O + H2SO4 → CuSO4 + Cu + H2O 

igi tutesTan reaqciaSi SesvliT mJava oqsidis Tvisebasac avlens. 
Cu2O + 2NaOH + H2O → 2Na[Cu(OH)2] 

Cu2O gamoiyeneba minisa da emalisaTvis wiTeli feris misaniWeblad. 
 
naerTebi +2 JangviTi ricxviT: IB jgufis metalebidan +2 JangviTi 

ricxvi ZiriTadad spilenZisTvis aris damaxasiaTebeli.  
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CuO miiReba spilenZ(II)-is hidroqsidis, karbonatis, fuZe karbonatisa 
da nitratis Termuli daSliT: 

Cu(OH)2 → CuO + H2O 
CuCO3 → CuO + CO2↑ 

Cu2(OH)2CO3 → 2CuO + H2O + CO2↑ 
2Cu(NO3)2 → 2CuO + 4NO2 + O2 

CuO gaxurebiT iSleba: 
4CuO → 2Cu2O + O2 

CuO fuZe oqsidia da mJavebTan marilebs warmoqmnis.  
Cu(OH)2 miiReba Sesabamis marilebze tutis moqmedebiT: 

CuSO4 + 2NaOH → Cu(OH)2 + Na2SO4 
Cu(OH)2 susti fuZea, avlens amfoterul Tvisebebs, moqmedebs tutis 

koncentrirebul xsnarTanac anionuri kompleqsis warmoqmniT: 
Cu(OH)2 + 2NaOH → Na2[Cu(OH)4] 

                              natriumis hidroqsokuprati 

hidroqsokupratebi Zalian aramdgradia, xsnaris ganzavebisas isev 
ileqeba Cu(OH)2.  misi SenarCuneba xerxdeba mxolod Warbi tutis 
pirobebSi. 

Cu(OH)2-is susti fuZe Tvisebebi ganapirobebs Zlier mJavebTan misi 
marilebis mJavur bunebas. sust mJavebTan spilenZis saSualo marilebi ki 
wyalxsnarSi marilTa mimocvlis reaqciiT ar miiReba. am SemTxvevaSi 
fuZe marilebi warmoiqmneba: 

2CuSO4 + 2Na2CO3 + H2O → Cu2(OH)2CO3 + 2Na2SO4 + CO2 
Cu(OH)2 kargad ixsneba amiakis wyalxsnarSi amiakaluri fuZis warmoq-

mniT: 
Cu(OH)2 + 4NH3 → [Cu(NH3)4](OH)2 

miRebul kompleqss Sveiceris reaqtivi ewodeba. mas celulozas 
gaxsnis unari aqvs da zogierTi xelovnuri boWkos warmoebaSi 
gamoiyeneba. 

Cu2+-is marilebi miiReba spilenZis, misi oqsidis, hidroqsidis da 
marilebis mJavebTan urTierTqmedebiT. spilenZi reaqciaSi mxolod im 
mJavebTan Sedis, romelTa mJavuri naSTis anoinebic mJangavia. aseTia 
konc. gogirdmJava, ganz. da konc. azotmJava. rac Seexeba marilmJavas, mas 
spilenZis gaxsna mxolod Jangbadis Tanaobisas SeuZlia: 

2Cu + 4HCl + O2 → 2CuCl2 + 2H2O 
Cu + 2H2SO4 → CuSO4 + SO2 + 2H2O 

3Cu + 8HNO3 ganz → 3Cu(NO3)2 +2NO + 4H2O  
Cu + 4HNO3 konc.→ Cu(NO3)2 + 2NO2 + 2H2O 

Cu + Fe2(SO4)3 → CuSO4 + 2FeSO4 
3CuS + 8HNO3 → 3Cu(NO3)2 + 3S + 4H2O + 2NO 

spilenZis xsnad marilebze H2S-is moqmedebiT CuS miiReba:  
CuSO4 + H2S → CuS↓ + H2SO4 

ileqeba Savi feris naleqi CuS, romelic ixsneba koncentrirebul 
azotmJavaSi. 

Cu2+-is marilebis wyalxsnarebi cisferia, es feri Cu2+-is akvaionis 
feria. akvakompleqsebSi wylis molekulebis Canacvleba SeiZleba amiakis 
molekulebiT. miRebulia diaminoakva- da tetraminoakvakompleqsebi. 
wylis eqvsive molekulis Canacvleba ver xerxdeba. [Cu(NH3)6]2+ mxolod 
Txevad amiakSi miiReba. akvakompleqsis aminokompleqsad gardaqmnas feris 
Secvlac axlavs. xsnaris cisferi Seferiloba lurji SeferilobiT 
icvleba. 
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Cu2+-is akvakompleqsebs Soris mniSvnelovania Sabiamani _ CuSO4·5H2O.  
misi struqtura rTulia, wylis oTxi molekula koordinirebulia Cu2+-is 
sibrtyeSi, SO −2

4 -is ori jgufi am sibrtyeze gamavali RerZis gaswvriv 
aris ganlagebuli, xolo wylis mexuTe molekula asrulebs xidakis 
rols da erTmaneTTan akavSirebs spilenZTan koordinirebul wylis 

molekulasa da SO −2
4 -is jgufs. 
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sqema 21. 
 

spilenZi warmoqmnis rogorc kationur (akva-, amino-), ise anionur 
(hidroqsokupratebi, halogenkupratebi) kompleqsebs. Cu2+-isaTvis damaxa-
siaTebeli koordinaciuli ricxvi aris 6, rasac oqtaedruli konfigura-
cia Seesabameba. magram adgili aqvs oqtaedruli struqturis damaxin-
jebas, rac uamravi eqsperimentuli masaliT aris damtkicebuli. or 
ligandTan, romlebic z-RerZis gaswvriv aris dakavSirebul, bmis sigrZe 
ufro metia, vidre xy sibrtyeSi arsebul oTx ligandTan.  

Cl
Cu

Cl

ClCl

0,2
95
 n
m
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Cl

Cl  
es damaxinjeba zogjer imdenad mniSvnelovania, rom Cu2+-is 

kompleqsebi kvadratuli xdeba, e.i. kvadratuli konfiguracia Seesabameba 
maqsimalur damaxinjebas. 

es movlena 1877 wels erTmaneTisagan damoukideblad aRmoaCines orma 
mecnierma _ ianma da telerma. aqedan gamomdinare, am movlenas ian-
teleris efeqti ewodeba. am movlenas isini martivad ase xsnidnen: yoveli 
arawrfivi molekuluri sistemisaTvis gadagvarebuli eleqtronuli 
mdgomareoba aramdgradia, amitom aseTi sistemebi damaxinjebas ganicdis, 
rac aqveiTebs maT simetrias da amiT xels uwyobs gadagvarebis moxsnas.  
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18.2. vercxli 
 

miReba. vercxlis misaRebad gamoiyeneba cianiduri meTodi: 

Ag2S + 4KCN ⇄ 2K[AgCN)2]  + K2S 
wonasworobis marjvniv gadasaxrelad K2S-is koncentraciis Semci-

rebaa saWiro, rasac xsnarSi Jangbadis gatarebiT aRweven, romelic sul-

fidur gogirds Jangavs SO −2
3 - an SO −2

4 -ionamde. cianidebSi vercxlis 

qloridic ixsneba:   
AgCl + 2KCN ↔ K[AgCN)2]  + KCl 

vercxlis cianokompleqsis xsnarze TuTiis moqmedebiT xdeba 
vercxlis gamoyofa: 

Zn  +  2K[Ag(CN)2] → K2[ZnCN)4] +2Ag 
vercxli SeiZleba miRebuli iqnas agreTve amalgamirebis meTodiTac. 

is vercxliswyalSi kargad ixsneba amalgamis warmoqmniT. amalgamis 
miReba AgNO3-danac SeiZleba misi vercxliswyalTan SenjRreviT: 

2Hg + 2AgNO3 → Hg2[(NO3)2] +2Ag 
vercxls spilenZis warmoebis narCenebidanac gamoyofen da Semdeg 

eleqtrolizuri gziT asufTaveben. 
 

qimiuri Tvisebebi: vercxls naerTebSi TiTqmis yovelTvis axasiaTebs 
(+1) JangviTi ricxvi. aseT naerTebs warmoqmnis igi uSualo urTierT-
qmedebiT rogorc martiv, ise rTul nivTierebebTan, mag., halogenebTan, 
gogirdTan, mJaveebTan: 

2Ag + Cl2 → 2AgCl 
 2Ag + Br2 → 2AgBr 

2Ag + S→ Ag2S 
Ag + 2HNO3 → AgNO3  + NO2 + H2O 

vercxlis halogenidebs praqtikulad misi marilis xsnarze halogen-
wyalbadmJavebis moqmedebiT Rebuloben: 

AgNO3  + HCl → 2AgCl↓+ HNO3 
AgCl TeTri xaWoseburi naleqia. 
analogiurad miiReba AgBr, AgI. 
AgF-s praqtikulad Semdegi reaqciidan Rebuloben: 

Ag2O + 2HF → 2AgF + H2O 
AgF wyalSi xsnadia. danarCeni halogenidebi uxsnadia wyalSi da 

mJavebSi. ixsneba amiakis wyalxsnarSi: 
AgCl + 2NH3 → [Ag(NH3)2]Cl 

AgBr + 2NH3 → [Ag(NH3)2]Br 
AgI  (NH3)-is wyalxsnarSic ar ixsneba. yvela maTgani ixsneba tute 

metalebis cianidebis xsnarSi: 
AgCl + 2KCN  → K[Ag(CN)2] + KCl 
AgBr + 2KCN  → K[Ag(CN)2] + KBr 

AgI + 2KCN  → K[Ag(CN)2] + KI 
vercxlis halogenidebi sinaTleze iSleba: 

2AgCl ⎯→⎯ νh 2Ag + Cl2 
2AgBr ⎯→⎯ νh 2Ag + Br2 

am Tvisebis gamo isini fotomasalebis dasamzadeblad gamoiyeneba. 
dauSlel AgBr-s da AgCl-s natriumis Tiosulfatis xsnariT amuSaveben, 
romelic maT kargad xsnis: 

AgCl + 2Na2S2O3 → NaCl + Na3[Ag(S2O3)2] 
AgBr + 2Na2S2O3 → NaBr + Na3[Ag(S2O3)2] 
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vercxli JangabadiT ar iJangeba arc Cveulebriv da arc maRal 
temperaturaze. vercxli iJangeba ozoniT: 

2Ag + O3 → Ag2O + O2 
vercxli iJangeba azotmJavas rogorc ganzavebuli, ise koncentrire-

buli xsnariT, agreTve konc. gogirdmJavas xsnariT: 
3Ag + 4HNO3 (ganz.) → 3AgNO3  + NO + 2H2O 

Ag + 2HNO3 (konc.) → AgNO3  + NO2 + H2O 
2Ag + 2H2SO4 (konc.) → Ag2SO4  + SO2 + 2H2O 

Zlier mJangav mJavebSi gaxsnis unari misi oqrosgan dasaSoreblad 
gamoiyeneba. 

vercxli swrafad iJangeba wyalbadis peroqsidiT cian-ionebis (CN¯) 
garemoSi: 

2Ag + H2O2 + 4KCN→ 2K[Ag(CN)2]  + 2KOH 
vercxlis naerTebidan yvelaze mniSvnelovania AgNO3. vercxlis yvela 

saWiro naerTs misgan Rebuloben. 
AgOH aramdgradia. vercxlis marilze tutis moqmedebiT miiReba ara 

hidroqsidi, aramed Ag2O: 
2AgNO3 + 2NaOH → Ag2O + 2NaNO3 + H2O 

Ag2O wyalSi mcired xsnadia (0,017 g/l), miRebul xsnars tute reaqcia 
aqvs. igi zogierTi metalis hidroqsids leqavs marilTa wyalxsnarebidan.  

vercxlis marilebi (Zlier mJavebTan, mag., AgNO3) hidrolizs ar 
ganicdis, rac AgOH-is sakmaod Zlier fuZe Tvisebebze miuTiTebs. 

Ag2O kargad ixsneba amiakis wyalxsnarSi: 
Ag2O + 4NH3  + H2O → 2[Ag(NH3)2]OH 

kompleqsuri fuZe [Ag(NH3)2]OH gacilebiT mdgradia vidre AgOH. Ag2O 
amfoteruli oqsidia. ixsneba tuteebis koncentrirebul xsnarebSi. 

Ag2O + 2NaOH + H2O → 2Na[Ag(OH)2] 
anionuri kompleqsi _ [Ag(OH)2]¯ nakleb mdgradia. Ag2O-s amiakiani 

xsnari gamoiyeneba minis mosavercxlad. 
AgNO3-is 10%-ian xsnars umateben amiakis wyalxsnars gamoyofili 

Ag2O-s gaxsnamde (sanam xsnari gaxdeba gamWvirvale), amis Semdeg amateben 
ramdenime wveT glukozis 10%-ian xsnars da sinjaras cxelwylian WiqaSi 
aTavseben, dayovnebis Semdeg vercxli aRdgeba da WurWeli moisarkeba: 

2[Ag(NH3)2]OH + C6H12O6 → 2Ag + C6H12O7  + 4NH3 + H2O 
vercxlis kationebi (Ag+) Zlieri mJangavia. 
vercxlis sulfidi Ag2S miiReba pirdapiri urTierTqmedebiT: 

2Ag + S → Ag2S 
vercxlis marilebze H2S-is moqmedebiT: 

2AgNO3 + H2S → Ag2S + 2HNO3 
Ag2S vercxlis marilebs Soris erT-erTi yvelaze cudad xsnadi 

marilia. igi ixsneba tute metalebis cianidebis xsnarSi: 
Ag2S + 4KCN  → 2K[Ag(CN)2] + K2S  

Ag+-ionebi uferoa, ar warmoqmnis aqvakompleqsebs da Sesabamisad, 
kristalhidratebs.  

vercxli warmoqmnis mdgrad amino- da cianidur kompleqsebs 
[Ag(NH3)2]+, [Ag(CN)2]¯.  
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18.3. oqro 
 
 

miReba: qviSrobebidan oqros gamoyofis uZvelesi meTodia wvrilad 
dawiladebuli madnis wyliT Carecxva. oqro, rogorc mZime metali, 
WurWlis fskerze rCeba. 

madnidan misi gamoyofa amalgamirebis meTodiTac SeiZleba. amalgami-
sagan vercxliswylis moSoreba gadadeniT xdeba. oqros miRebis erT-erT 
mniSvnelovan meTods cianiduri meTodi warmoadgens, romelic qarTuli 
warmoSobis mecnieris, bagrationis mier aris SemuSavebuli. madans am 
SemTxvevaSi Na-is an K-is cianidis 0,1-0,2%-iani xsnariT amuSaveben haeris 
Jangbadis Tanaobisas. oqro gadadis cianoauratSi, saidanac mas TuTiiT 
aZeveben. am dros oqros ereva TuTiis cianidi, romlis moSorebasac 
mJaviT damuSavebiT axerxeben. 

siTbo- da eleqtrogamtarobiT oqro mxolod vercxls CamorCeba. 
oqros axasiaTebs didi mdgradoba, srulebiT ar icvleba haerze. rogorc 
aRvniSneT, masze moqmedebs Cl2-iT gajerebuli HCl, samefo wyali, cxeli 
koncentrirebuli selenmJava, tute metalebis cianidebi O2-is Tanaobisas. 
tute mJangavebis gareSe ar moqmedebs gamlRval mdgomareobaSic ki. 

 

oqros naerTebi (+1) JangviTi ricxviT: aRsaniSnavia oqros sulfidi, 
oqsidi, halogenidebi. naerTebi +1 JangviTi ricxviT aramdgradia, 
advilad iSleba wylis moqmedebiTac ki. iseTi Zneladxsnadi marilic ki, 
rogoric AuCl-ia, wylis moqmedebiT advilad disproporcionirdeba: 

3AuCl ⎯⎯ →⎯ OH2  2Au + AuCl3  
(+1)-iani oqros naerTebi, spilenZis analogiurad, misi maRali 

JangviTi ricxvis naerTebis aRdgeniT miiReba. magaliTad, AuCl-s 
Rebuloben CO2-is areSi (1800C) AuCl3-is gacxelebiT: 

AuCl3 ⎯→⎯t
 AuCl + Cl2  

Semdgomi gaxurebiT oqro gamoiyofa. saerTod oqros yvela naerTis 
Termuli daSlis saboloo produqti oqroa.  

AuCl ixsneba tute metalebis qloridebis wyalxsnarebSi anionuri 
kompleqsebis warmoqmniT: 

3AuCl + KCl → K[AuCl4] + 2Au 
AuCl-ze tutis moqmedebiT miiReba Au2O. AuOH kidev ufro aramdgra-

dia, vidre CuOH da AgOH.  
2AuCl + 2NaOH → Au2O + 2NaCl + H2O 

Au2O kargad ixsneba amiakis wyalxsnarSi kompleqsuri fuZis 
warmoqmniT: 

Au2O + 2NH3  → [Au(NH3)2]OH  
Au2O amfoteruli oqsidia. 

Au2O + KOH + H2O →K [Au(OH)2] 
Au+1-is martivi naerTebidan gansakuTrebuli mdgradobiT gamoirCeva 

AuI da AuCN. 
Au+3-is naerTebze HI-is da aseve (CN¯)-ionebis damatebisas miiReba 

naerTebi (+1)-JangviTi ricxviT: 
2K[AuCl4] + 6HI → 2KCl + 2AuI + 2I2 + 6HCl 

AuCl3 + 3KCN → 3KCl + AuCN + (CN)2 
Au2O3 + 6HI → 2AuI + 2I2 + 3H2O 

AuI ixsneba KI-is xsnarSi kompleqsuri naerTis warmoqniT. 
Au+1-is qimia ZiriTadad misi kompleqsnaerTebis qimiaa. xsnarSi Au+1-

ionebi ar arsebobs. wyalxsnarSi mdgradia oqros kompleqsuri ioni _ 
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[Au(CN)2]¯. K[Au(CN)2] da Na[Cu(CN)2] marilebi kristalur mdgomareobaSia 
miRebuli. aseve gamoyofilia Sesabamisi mJavac H[Au(CN)2]. 

 

oqros naerTebi (+3) JangviTi ricxviT: oqros naerTebi (+3) JangviTi 
ricxviT 1B jgufis elementebidan mxolod oqrosTvis aris damaxasiaTe-
beli. misi binaruli naerTebia: Au2S3, AuF3, AuCl3, AuBr3, Au2O3.   

Au2S3  miiReba Semdegi reaqciiT:  
2Li[AuCl4] + 3H2S → Au2S3↓ + 6HCl + 2LiCl 

Au2S3 ixsneba tute metalebis sulfidebis xsnarSi Tiomarilebis war-
moqmniT. 

3Na2S + Au2S3 → 2Na3[AuS3] 
AuCl3 miiReba oqros fxvnilze 2000C-ze Warbi qloris moqmedebiT, 

agreTve oqros gaxsniT samefo wyalSi an Cl2-iT gajerebul marilmJavaSi. 
Warbi marilmJavas SemTxvevaSi miiReba kompleqsuri mJava H[AuCl4], 

romelic wyalxsnaridan kristalhidratis saxiT gamoiyofa _ 
H[AuCl4]·4H2O. cnobilia am kompleqsuri mJavas natriumis marili − 
Na[AuCl4], natriumis tetraqloraurati. 

AuCl3 da AuBr3 wyalSi xsnadi marilebia, romlebic dimerebs warmoad-
genen: 

Cl
Au

Cl

ClCl
Au

Cl

Cl  
Au+3-is halogenidebi, oqsidi da hidroqsidi amfoteruli naerTebia 

Warbi mJavuri TvisebebiT.  
oqros(III) xsnad marilebze tutis moqmedebiT miiReba Au(OH)3: 

AuCl3 + 3NaOH → Au(OH)3↓+ 3NaCl 
Au(OH)3-s oqros mJavas uwodeben. Au(OH)3-is Sesabamisi oqsidia Au2O3. 

igi Au(OH)3-is Termuli daSliT miiReba: 
2Au(OH)3 → Au2O3 + 3H2O 

Au(OH)3, rogorc amfoteruli naerTi, tuteSic ixsneba: 
3Au(OH)3  + NaOH → Na[Au(OH)4] 

azotmJavasTan reaqciiT miiReba kompleqsuri mJava, wyalbadis tet-
racianoaurati − H[Au(NO3)4]. e.i. Au(OH)3  tutesTan da mJavasTan anionur 
kompleqsebs warmoqmnis:  

Au(OH)3  + 4HNO3 → H[Au(NO3)4] + 3H2O 
aseve miRebulia wyalbadis cianourati: 

Au(OH)3  + 4HCN → H[Au(CN)4] + 3H2O 
wyalbadis ciano- da nitratoaurati Tavisufali saxiT aris 

miRebuli _ H[Au(CN)4]. miRebulia Au+3-is marilebi orive kompleqsur 
mJavasTan: Na[Au(NO3)4] da Na[Au(CN)4]. 

Au3+-is marilebi hidrolizs ganicdian anionuri kompleqsebis war-
moqmniT: 

AuCl3  + H2O ⇄ H[Au(OH)Cl3]  
                      anionuri kompleqsi 

AuCl3  + H2O ⇄  H2[AuOCl3] 
Au3+-is kompleqsebs brtyelkvadratuli aRnagoba aqvs. 
warmoqmnili mJavebi AgNO3-Tan iZleva ara AgCl-s, aramed Ag2[AuOCl3], 

rac am kompleqsebis maRal mdgradobas amtkicebs.  
e.i. oqro maRali JangviTi ricxviT, iseve, rogorc sxva gardamavali d-

metalebi, ZiriTadad anionur kompleqsebs warmoqmnis. 
 



 179

aRmomCeni reaqciebi: spilenZis naerTebi als mwvaned feravs, rac am 
naerTebis aRmosaCenad gamoiyeneba. Ag+-ionebi, rogorc cnobilia, Cl¯-
ionebTan wyalSi da mJavebSi uxsnad TeTr xaWosebur naleqs warmoqmnis. 
oqros aRmosaCenad ZiriTadad aRmdgenebis saSualebiT metalur mdgoma-
reobamde mis aRdgenas iyeneben. maRali koncentraciis SemTxvevaSi 
gamoyofili oqros SemCneva Zneli ar aris, xolo mcire koncentraciis 
dros oqro kolodur xsnars warmoqmnis. am xsnarebs koloiduri 
nawilakebis zomisagan damokidebulebiT, sxvadasxva Seferva axasiaTebs. 
sxvadasxva Seferilobis xsnari miiReba agreTve sxvadasxva aRmdgenis 
gamoyenebisas. 

spilenZis, vercxlis da oqros daSorebis mizniT, cxel koncentrire-
bul gogirdmJavas iyeneben, romelic vercxls da spilenZs xsnis CuSO4-isa 
da Ag2SO4-is warmoqmniT. CuSO4 koncentrirebul gogirdmJavaSi cudad 
ixsneba, amitom is oqrosTan erTad ileqeba da Semdeg mas wylis saSua-
lebiT Carecxaven. 

gamoyeneba: istorikosebis mier dadgenilia, rom metalebis rCilvas 
jer kidev ramdenime aTaswleulis win awarmoebdnen ara kaliT, aramed 
oqroTi da vercxliT. ufro sworad, maTi SenadnobiT. titanis 
SemTxvevaSi rCilvisaTvis mxolod sufTa vercxli gamoiyeneba. 
ukanasknel xanebSi izrdeba vercxlis, rogorc sarCilavi metalis 
gamoyeneba. vercxli gamoiyeneba sarkeebis warmoebaSi. vercxlis sarkeebis 
damzadebis sayovelTaod cnobili qimiuri sqemaa misi marilebis (AgNO3) 
amiakaluri xsnaridan vercxlis aRdgena glukoziTa an formaldehidiT _ 
movercxlva (vercxlis Txeli feniT dafarva) arekvlis unaris, qimiuri 
medegobis da eleqtrogamtarobis gazrdis mizniT. 

rogorc cnobilia, vercxli yvelaze kargi eleqtrogamtaria, magram 
mravali metalisa da Senadnobisagan gansxvavebiT zemcire temperaturaze 
is gamoiyeneba, rogoc eleqtroizolatori. 

vercxli gamoirCeva `wkrialis~ unariT. zogierTi musikaluri 
instrumentis simebi damzadebulia vercxlis Senadnobisagan, romelic 
90% vercxls Seicavs. aseve zarebis Camosasaxmeli Senadnobic Seicavs 
vercxls. 

didi raodenobiT vercxls moixmars foto- da kinoxelovneba. 
vercxli gamoiyeneba saiuveliro saqmeSi, agreTve sasignale minis da 

Suqfiltrebis dasamzadeblad. 
vercxlis mTavari gasayidi preparatia AgNO3. AgNO3 gamoiyeneba 

medicinaSi. mas baqtericidul TvisebebTan erTad Wrilobis mowvis da 
Sekervis unari aqvs. kanis qsovilis cilasTan igi urTierTqmedebs da 
warmoqmnis cilovan marilebs _ albuminatebs. 

oqroc Senadnobebis saxiT gamoiyeneba. Seuferxeblad muSaobs oqros 
Senadnobi paladiumTan (30%), platinasTan (10%), volframTan (5%), 
cirkoniumTan (3%), didia maTi roli kosmosur teqnikaSi. 

oqro da misi Senadnobebi warmoadgens konstruqciul masalas kon-
taqtebisaTvis, agreTve gamoiyeneba elementaruli nawilakebis gigantur 
amaCqareblad. 

kbilis protezirebisaTvis gamoiyeneba oqros Senadnobi vercxlTan an 
spilenZTan. aseTive SenadnobebiT mzaddeba saiuveliro sagnebi. 

oqroTi dafarva (movarayeba) cnobilia uZvelesi droidan. movaraye-
buli adgili daculia koroziisa da zedmeti siTbosagan. 

samrewvelo mniSvneloba aqvs AuCl3-s. am naerTis gamoyenebiT Rebulo-
ben maRalxarisxovan minas, e.w. oqros badaRSs. 
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rac Seexeba spilenZs, misi da misi Senadnobebis gamoyeneba Zalian 
mravalmxrivia. igi Seucvleli metalia eleqtroteqnikaSi. eleqtro-
gamtarobiT mxolod vercxls Camouvardeba. misi Senadnobebidan 
uZvelesi, romelsac adamiani iyenebda, aris brinjao, misi Senadnobi 
kalasTan. didi gamoyeneba aqvs melqiors. didi gamoyeneba aqvs agreTve 
mis sxvadasxva naerTs, romelTa Soris yvelaze mniSvnelovania Sabiamani 
CuSO4·5H2O. 

spilenZi erT-erTi mikroelementia. igi aucilebeli elementia 
cocxali organizmebisaTvis. mozrdili adamianis organizmi 0,001 mg/l 
spilenZs Seicavs. spilenZi Sedis zogierTi fermentis SedgenilobaSi. igi 
gavlenas axdens mcenaris mier azotis aTvisebis unarze. niadagSi misi 
nakleboba mcenaris unayofobas iwvevs. 
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mecxramete Tavi 
 

perioduli sistemis  II jgufis d-metalebi 

TuTia, kadmiumi, vercxliswyali 

 

TuTia (Zn), kadmiumi (Cd), vercxliswyali (Hg) IIB jgufis d-metalebia. 
isini erTmaneTis sruli eleqtronuli analogebia. Sesabamisad, maT das-
rulebuli d10-eleqtronuli konfiguracia aqvT da am TvalsazrisiT 
isini gansxvavdeba sxva d-metalebisagan. maTi atomebis eleqtronuli kon-
figuraciebi mocemulia cxrilSi (cxr. 17): 
 

cxrili 17 
 

elementi eleqtronuli konfiguracia 
Zn 1s22s22p63s23p63d104s2 
Cd 1s22s22p63s23p63d104s24p64d105s2 
Hg 1s22s22p63s23p63d104s24p64d105s25p65d106s2 

 
maTi damaxasiaTebeli JangviTi ricxvi naerTebSi +2-ia. 6s2-eleqtro-

nuli wyvilis gansakuTrebuli mdgradoba ganapirobebs TuTiisa da kadmi-
umisgan vercxliswylis arsebiT gansxvavebas. TuTiisa da kadmiumis naer-
Tebisagan gansxvavebiT vercxliswylis naerTebis umravlesoba aramdgra-
dia, maTgan gansxvavebiT, vercxliswylisTvis damaxasiaTebelia Hg2

2+-radi-
kalis warmoqmnis unari, romelSic –Hg–Hg– atomebs Soris kovalenturi 
bmaa, amiT kvlav xdeba 6s2-konfiguraciis aRdgena. Hg2

2+-Si vercxliswylis 
JangviTi ricxvi +1-is tolad iTvleba.  

dedamiwis qerqSi TuTia gavrcelebulia 6, kadmiumi (1817 wels aRmo-
aCina frederik Stromeierma) 8 da vercxliswyali (aRmoaCines jer kidev 
Cven welTaRricxvamde) 7 stabiluri izotopis saxiT. garda amisa, 
xelovnurad miRebulia maTi mravalricxovani radioaqtiuri izotopebi. 

TuTiis mineralebs miekuTvneba ZnS _ “TuTiis macdura” (“TuTiis 
matyuara” – am naerTs ase uwodeben TeTri feriT TuTiis oqsidTan 
msgavsebis gamo). TuTia gavrcelebulia agreTve polimetaluri madnebis 
da ZnCO3-is saxiT. vercxliswyali gavrcelebulia HgS-is (kinovari, 
singuri) saxiT (dedamiwis qerqSi vercxliswylis Semcveloba Seadgens 
7•10-6 %-s); kadmiumi ki _ CdS-is (grinosidi) saxiT. vercxliswyali moipo-
veba agreTve TviTnabadi saxiT (maT Soris saqarTveloSi, afxazeTSi). es 
metalebi movercxlisfro-TeTri ferisaa. vercxliswyali mZime, Txevadi 
nivTierebaa (ρHg

 13,55g/sm3). misi simkvrive daaxloebiT 2-jer aRemateba 
TuTiis (ρZn

 7,1g/sm3) da kadmiumis (ρCd
 8,7g/sm3) simkvrives. TuTia da kadmiumi 

SedarebiT daballRobadi metalebia (419,50C; 3210C Sesabamisad), xolo 
vercxliswylisTvis lRobis temperatura uaryofiTia (-38,90C). 

TuTiis qvejgufis metalebi xasiaTdeba maRali qimiuri aqtiurobiT, 
(Tumca CamorCebian tute da tutemiwaTa metalebs). atomuri masis 
zrdasTan erTad am metalebis aqtiuroba (kalciumis qvejgufis metale-
bis sapirispirod) mcirdeba. am triadaSi TuTia yvelaze aqtiuri metalia. 
mas eleqtroqimiur aqtiurobasTan erTad aqvs maRali qimiuri aqtiuroba, 
_ “ixsneba” mJavebSi da gacxelebisas _ tuteebSi (wyalbadis gamoyofiT): 

Zn + 2HCl → ZnCl2 + H2↑ 
Zn + H2SO4 ganz. → ZnSO4 + H2↑ 
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Zn + 2NaOH + 2H2O → Na2[Zn(OH)4] + H2↑ 
ZnSO4 _ ZiriTadi komponentia TuTiis Semcveli antikoroziuli 

damcavi safrebis eleqtrolituri xerxiT misaRebad. 
kadmiumi tuteebSi ar ixsneba, mJavebTan TuTiasTan SedarebiT nakleb 

energiulad Sedis reaqciaSi; vercxliswyali wyalbadis marjvniv dgas 
eleqtroqimiuri Zabvis (standartul eleqtrodul potencialTa) mwkriv-
Si, amitom is mxolod Zlier mJangav [konc. H2SO4 (cxeli)], HNO3, H2SeO4 da 
a.S.] mJavebTan urTierTqmedebs am ukanasknelTa anionis JangviTi unaris 
xarjze. amasTan, SeiZleba warmoiqmnas rogorc Hg+2, ise Hg+1 -is nawarmebi: 

Hg + 4HNO3 konc. → Hg(NO2)2 + 2NO2 + 2H2O 
        6Hg (Warbad) + 8HNO3 → 3Hg2(NO3)2 + 4H2O 

 

TuTia mis analogebisagan gamoirCeva maRali qimiuri aqtiurobiT, is 
urTierTqmedebs Zlier ganz. HNO3-Tan da aRadgens mas NH3-mde (NH4

+): 

4Zn + 10HNO3 (Zlier ganz.) 4Zn(NO3)2 + NH4NO3 + 2NO + 3H2O
-3

 
TuTia da misi analogebi aqtiurad urTierTqmedeben sxvadasxva ara-

metalTan: 
M + Cl2 → MCl2 

M + I2 → MI2 

M + S MSt
 

2M + O2 → 2MO 
Me = Zn, Cd, Hg (vercxliswyali iJangeba 4000C-ze). 
ZnO-s teqnikaSi uwodeben TuTiis TeTras; gamoiyeneba saRebavebis 

dasamzadeblad da naxevargamtarul masalad.  
ZnO-s miRebis samrewvelo xerxebia: 
a) TuTiis sulfidis gamowva: 

2ZnS + O2 → 2ZnO + 2SO2 
b) TuTiis karbonatis daSla: 

ZnO + CO2
tZnCO3  

ZnO-is aRdgeniT Rebuloben teqnikur TuTias: 
 

ZnO + C → Zn + CO 
(sufTa TuTias Rebuloben ZnSO4-is eleqtroliziT). 
ZnO, Zn(OH)2, CdO da Cd(OH)2 amfoteruli naerTebia fuZe bunebis siWar-

biT. tuteebSi gaxsnisas warmoqmnian cinkatebs da kadmiatebs: 
ZnO + 2NaOH + H2O → Na2[Zn(OH)4] 

Zn(OH)4 + 2NaOH → Na2[Zn(OH)4] 
TuTiisa da kadmiumis hidroqsidebi konc. amiakis wyalxsnarSic 

ixsneba amiakaluri kompleqsebis warmoqmniT:  
Cd(OH)2 + 4NH3 → [Cd(NH3)4](OH)2 

vercxliswylis hidroqsidi aramdgradia (SeadareT vercxls), amitom 
Hg(II)-is xsnad marilebze tuteebis moqmedebiT warmoiqmneba ara Hg(OH)2, 
aramed HgO: 

Hg(NO3)2 + 2NaOH → HgO + 2NaNO3  + H2O 
vercxliswylis marilebidan sayuradReboa Hg+2-is marilebi (mag.,  

sulema HgCl2). myari sulemas vercxliswyalTan gacxelebiT warmoiqmneba 
kalomeli: 

Hg + HgCl2 → Hg2Cl2 
mJangavi unari Hg+1 naerTebsac aqvT: 

Hg2Cl2 + SnCl2 2Hg + SnCl4
+1 +2 0 +4
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TuTia gamoiyeneba Senadnobebis dasamzadeblad (mag., TiTberi Zn/Cu; 
neizilberi _ Zn/Cu/Ni). zogierT metalTa nakeTobebis zedapirebis anti-
koroziuli dafarvisaTvis (mosaTuTieblad); ZnCl2 gamoiyeneba metalTa 
mirCilvisas, zogierTi reaqciis katalizatorad, merqnis antimikrobuli 
gaJRenTvisaTvis; ZnSO4 _ mikrosasuqad (mikroelementebis wyarod) da 
eleqtrolitad metalTa eleqtroqimiuri gziT moTuTiebisas. 

vercxliswyali gamoiyeneba Termometrebsa da sxvadasxva 
aparaturaSi, misi orTqliT avseben luminescentur naTurebs. vercxlis-
wyali mTel rig metalebTan (Ni, Cd, Au da a.S.) warmoqmnis specifikuri 
tipis da Tvisebebis mqone Senadnobebs (xsnis zogierT metals amalga-
mebis warmoqmniT). vercxliswyalTan oqros Senadnobis (amalgama) war-
moqmnis unari oqros miRebis erT-erTi saSualebaa. HgO gamoiyeneba saReb-
rebis warmoebaSi (gemebis fskeris SesaRebad). HgCl2 _ gamoiyeneba Sxam-
qimikatad, soflis meurneobaSi da sxv. kadmiumi, ZiriTadad, Senadnobebis 
da damcavi safrebis misaRebad gamoiyeneba. TuTiis, vercxliswylis da 
kadmiumis kompleqsnaerTebs maRali biologiuri aqtiuroba axasiaTebT. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 184

meoce Tavi 
 

 f-elementebi. lanTanidebi  
 

lanTanidebis ojaxs miekuTvneba periodul sistemaSi lanTanis 
Semdeg moTavsebuli ToTxmeti f-elementi. 

 

cxrili 18.  lanTanidebis saxelwodebebi da  
savalento eleqtronuli konfiguraciebi 

 

elementis 
simbolo 

elementis 
saxelwodeba 

savalento 
eleqtronuli 
konfiguracia 

58Ce ceriumi 4f25s25p66s2 

59Pr prazeodimi 4f35s25p66s2 

60Nd neodimi 4f45s25p66s2 

61Pm promeTiumi 4f55s25p66s2 

62Sm samariumi 4f65s25p66s2 

63Eu evropiumi 4f75s25p66s2 

64Gd gadoliniumi 4f75s25p65d16s2 

65Tb terbiumi 4f95s25p66s2 

66Dy disproziumi 4f105s25p66s2 

67Ho hodmiumi 4f115s25p66s2 

68Er erbiumi 4f125s25p66s2 

69Tu Tuliumi 4f135s25p66s2 

70Yb iterbiumi 4f145s25p66s2 

71Lu luteciumi 4f145s25p65d16s2 
 
 

atomuri nomris zrdasTan erTad am elementebis atomebSi eleqt-
ronebiT ivseba bolodan Sida _ mesame eleqtronuli Sris 4f orbi-
talebi, ase rom maTi atomebis bolo eleqtronuli Sre  da umravleso-
bisaTvis bolos winac erTnairia, rac maTi qimiuri Tvisebebis did 
siaxloves iwvevs. 

miuxedavad 4f da 5d orbitalebis energetikulad didi siaxlovisa, 
lanTanidebisaTvis 4f mdgomareoba energetikulad ufro xelsayreli 
aRmoCnda am orbitalebis energiebis didi siaxlovis gamo. 4f orbi-
talidan erTi eleqtroni (iSviaTad oric, mag., ceriumSi) advilad aRig-
zneba, gadadis 5d orbitalze da xdeba savalento. amitom lanTanidebi 
maTi naerTebis umravlesobaSi amJRavneben (+3) J. ricxvs, amave dros es 
iwvevs lanTanidebis Tvisebebis msgavsebas skandiumis qvejgufis elemen-
tebTan. 

skandiumi, itriumi, lanTani da lanTanidebi iwodeba iSviaT miwaTa 
metalebad. es saxelwodeba moZvelebulia. iSviaT miwaTa metalebi - am 
saxelwodebis Sinaarsis sapirispirod sakmaod gavrcelebuli elemen-
tebia dedamiwis qerqSi, garda promeTiumisa, romelsac ara aqvs arc-
erTi stabiluri izotopi, amitom bunebaSi aRmoCenili ar aris. 

lanTanidebi gvxvdeba skandiumTan, itriumTan da lanTanTan erTad 
monacitis qviSebSi. monaciti mineralia, romelic Sedgeba iSviaTmiwaTa 
metalebis orTofosfatebisa da mniSvnelovani raodenoba Toriumisagan 
(30%-mde). yvelaze maRali procentiT am mineralSi aris lanTani, Semdeg 
ceriumi. am mineralSi lanTanidebis JangviTi ricxvi (+3)-is tolia. 
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mcire raodenobiT aris evropiumi, romlisaTvisac ufro damaxasiaTe-
belia JangviTi ricxvi (+2) da amitom is ufro koncentrirebulia 
kalciumis qvejgufis elementebis mineralebSi. lanTanidebis Semcve-
loba liTosferoSi sakmaod maRalia. maT Soris yvelaze gavrcelebuli 
aris ceriumi, xolo yvelaze iSviaTia Tuliumi. amave dros Tuliumi 
daaxloebiT isevea gavrcelebuli, rogorc bismuti, xolo ufro metia, 
vidre As, Cd, Hg, Se, romlebic ar miekuTvnebian iSviaT miwaTa metalebs. 

lanTanidebis Tvisebebs gansazRvravs ZiriTadad 5d16s2 eleqtronebi, 
amitom isini did msgavsebas iCenen III jgufis d-elementebTan _ skandi-
umTan da mis analogebTan. gansakuTrebuli msgavsebiT ki itriumi da 
lanTani gamoirCeva. 

miuxedavad Tvisebebis aseTi gansakuTrebuli msgavsebisa, lanTana-
debSi mainc SeiniSneba gansxvaveba. amasTan maTi zogierTi Tviseba 
Ce→Lu am mimarTulebiT monotonurad icvleba, zogierTi ki periodu-
lad. monotonuri cvlileba aixsneba lanTanoiduri kumSviT Ce→Lu 
rigSi atomuri da ionuri radiusebis TandaTanobiT SemcirebiT. 

xolo f orbitalebis Sevsebis perioduli xasiaTi (eleqtronebi 
orbitalebze saxldebian jer TiTo-TiTod, xolo Semdeg wyvilebian) 
gansazRvravs lanTanidebisa da maTi naerTebis TvisebaTa cvlilebebSi 
Sinagan periodulobas. 

 

cxrili 19. lanTanidebis damaxasiaTebeli JangviTi ricxvebi 
                 

elementi JangviTi 
ricxvebi 

Ce +3; +4 
Pr +3; +4 
Nd +3 
Pm +3 
Sm +3; +2 
Eu +3; +2 
Gd +3 
Tb +3; +4 
Dy +3; +4 
Ho +3 
Er +3 
Tu +3; +2 
Yb +3; +2 
Lu +3 

    

rogorc cxrilidan Cans, lanTanidebis damaxasiaTebeli ZiriTadi 
JangviTi ricxvi aris +3. magram elementebs, romlebic esazRvreba 
lanTans (4f0), gadoliniums (4f2) da luteciums (4f14), axasiaTebT cvale-
badi JangviTi ricxvebi. mag., Ce (4f26s2) +3-Tan erTad axasiaTebs +4 
JangviTi ricxvi, es dakavSirebulia ori 4 f eleqtronis gadasvlasTan 
5d mdgomareobaSi. imave mizezis gamo +4 JangviTi ricxvis gamomJRavneba 
SeuZlia prozeodims (4f36s2), Tumca es misTvis ceriumTan SedarebiT 
gacilebiT naklebad aris damaxasiaTebeli. evropiumi, romelsac (4f76s2) 
4f orbitalebze 7 eleqtroni aqvs, ufro metad amJRavnebs +2 JangviT 
ricxvs. 

Sinagani perioduloba: terbiumi da disproziumi avlenen ceriumisa 
da prazeodimis damaxasiaTebel JangviT ricxvs, iterbiumi da Tuliumi 
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+2 JangviT ricxvs, e.i. JangviTi ricxvebis cvlilebas aqvs perioduli 
xasiaTi. 

simkvrivis, lRobisa da duRilis temperaturebis cvlilebaSi 
aSkarad SeiniSneba Sinagani perioduloba. am konstantebis minimaluri 
mniSvnelobiT xasiaTdebian evropiumi da iterbiumi (Sesabamisad 4f7 da 
4f14). evropiumisa da iterbiumis atomizaciis enTalpiebis dabali 
mniSvnelobebi, SesaZloa gamowveuli iyos 4f7 da 4f14 mdgradi eleqtro-
nuli konfiguraciebiT, ris gamoc am elementebSi bmebis warmoqmna 
ganpirobebulia mxolod 6s2 eleqtronebiT, romlebic SedarebiT 
naklebad mtkice bmebs warmoqmnian. 

 

fizikuri Tvisebebi: yvela iSviaT miwaTa metali movercxlisfro 
TeTria, kargad iWedeba, iweleba mavTulad. qimiuri aqtiurobiT isini 
mxolod tute da tutemiwaTa metalebs CamorCeba. kompaqturi metalebi 
mSral haerze mdgradia, magram nestianze icvlebian. 200-4000C haerze 
gacxelebisas iwvian oqsidebisa da nitridebis narevis warmoqmniT. 
ceriumis lenta magniumisaze ufro kaSkaSa aliT iwvis. maTi Jangbadi-
sadmi swrafva rigiTi nomris zrdasTan erTad ecema. 

 

qimiuri Tvisebebi: lanTanidebi moqmedeben halogenebTan, 
gacxelebiT azotTan, gogirdTan, naxSirbadTan, siliciumTan, fosfor-
Tan, wyalbadTan. metalTa umravlesobasTan warmoqmnian Senadnobebs. 

metalTa Zabvis mwkrivSi ganlagebulni arian wyalbadamde, amasTan 
sakmaod moSorebiT. isini iJangebian wyliT (gansakuTrebiT maRal 
temperaturaze), am dros gamoiyofa wyalbadi. kidev ufro aqtiurad 
moqmedebs maTze mJavebi. HF da H3PO4-is mimarT isini mdgradia, ramdena-
dac uxsnadi marilebis Semcveli afskiT ifarebian. tuteSi ar ixsnebian. 

lanTanidebis ionebi (+3 JangviTi ricxviT) eleqtronuli konfigu-
raciebiT 4f7, 4f14, 4f1 da 4f13 uferoa, danarCenebi met-naklebad Seferilia 
(cxrili 20). 

 

cxrili 20. lanTanidebis ionebis JangviTi 
ricxvi da Seferiloba 

 

lanTanidebis 
ionebi 

Seferiloba 

Pr3+ mwvane 
Nd3+ wiTeli 
Pm3+ vardisferi 
Sm3+ yviTeli 
Eu3+ Ria vardisferi 

 

am ionTa Seferiloba f-f gadasvlebiT aris ganpirobebuli, ramde-
nadac 4f eleqtronebi efeqturad ekranirdeba gare 5s2 da 5p6 eleqtro-
nebiT, ionTa Seferiloba koordinirebul garemocvaze damokidebuli ar 
aris. 

maTi damaxasiaTebeli JangviTi ricxvis oqsidebi _ E2O3 Znelad-
lRobadi myari nivTierebebia, isini fuZe oqsidebia, wyalSi 
praqtikulad ar ixsnebian, advilad ixsnebian mJavebSi, magram 
gaxurebisas iseve, rogorc Al2O3 qimiur aqtiurobas kargaven. tuteebTan 
ar moqmedeben. 

E(OH)3 hidroqsidebi, miiRebian fuZis miRebis Cveulebrivi meTodiT. 
Ce(III)_Lu(III) am mimarTulebiT radiusis SemcirebasTan dakavSirebiT fuZe 
Tvisebebi mcirdeba, mJavuri _ izrdeba. aseve mcirdeba Termuli 
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mdgradoba. isini warmoqmnian ormag marilebs: 3Mg(NO3)2·2E(NO3)3·24H2O; 
3Na2SO4· E2(SO4)3 da a.S. 

lanTanidebs axasiaTebs mravalricxovani kompleqsebi xelaturi 
tipis ligandebTan, amave dros maTi koordinaciuli ricxvi SeiZleba 
iyos cxra da ufro maRalic, _ 10-14, rac bmebis warmoqmnaSi f orbi-
talebis monawileobas miuTiTebs. 

lanTanidebi warmoqmnian hidridebs wyalbadTan uSualo urTierT-
qmedebiT EH2 da EH3 SedgenilobiT (garda evropiumisa da iterbiumisa). 

EH2  hidridebi tutemiwaTa metalebis hidridebis msgavsad ionuri 
naerTebia. hidridebi qimiurad aqtiurebia, moqmedeben wyalTan, Jang-
badTan, halogenebTan da sxva mJangavebTan. 

miRebulia ceriumis naerTebi CeO2, CeF4, Ce(ClO4)4, Ce(SO4)2. CeO2 
martivi nivTierebebis uSualo urTierTqmedebiT miiReba. qimiurad 
sakmaod inertulia, mJavasTan da tutesTan ar moqmedebs. 

Ce(IV)-is hidroqsidi miiReba fuZeebis miRebis Cveulebrivi meTodiT 
_ marilisa da tutis mimocvlis reaqciiT. xsnaridan gamoiyofa cvladi 
Sedgenilobis naleqis saxiT, romlis Sedgeniloba ufro sworad gamo-
isaxeba formuliT CeO2·nH2O. am ukanasknels amfoteruli buneba aqvs. 
Ce(IV)-is marilebi aramdgradebia, wyalxsnarebSi Zlierad hidroliz-
debian. 

Ce(IV)-is hidroqsidi (CeO2·nH2O) tuteebTan SelRobisas oqsocera-
tebs(IV) warmoqmnis: 

     2NaOH  +  CeO2  →  Na2CeO3 + H2O 
xolo CeF4 fuZe bunebis ftoridebTan _ ftoroceratebs(IV) 

warmoqmnis: 
2KF  +  CeF4  →  K2CeF6 

Ce(IV)-is hidroqsidi mJavaSi gaxsnisas narinjisfer xsnars iZleva, 
romelic ceriums akvakompleqsis [Ce(H2O)n]2+-is saxiT Seicavs. 

mJava areSi Ce(IV)-is naerTebi sakmaod Zlieri mJangavebia (E0  Ce4+/Ce3+ 

= 1,61B). 
2Ce(OH)4  +  8HCl  →  2CeCl3  +  Cl2 +  8H2O 

naerTebi +2 JangviTi ricxviT yvelaze metad axasiaTebs evropiums 
(E0 Eu3+/Eu2+ = _0,33B). agreTve samariums da iterbiums. maTi naerTebi kal-
ciumis qvejgufis elementebis naerTebis msgavsebia. 

oqsidi EO da hidroqsidi E(OH)2 fuZe bunebis arian. marilebi ЭSO4  
BaSO4-is msgavsia. 

lanTanidebi da bevri maTi naerTi sakmaod mniSvnelovan gamoyenebas 
poulobs mecnierebisa da teqnikis sxvadasxva sferoSi. gamoiyenebian 
foladis, Tujis da sxvadasxva Senadnobebis warmoebaSi. foladze da 
Tujze maTi damateba zrdis Termomdgradobasa da mdgradobas koro-
ziis gamomwvevi agentebis mimarT. 

iSviaTmiwaTa metalebis yvelaze farTo momxmarebeli minis war-
moebaa. ceriumis Semcveli mina radioaqtiuri moqmedebisas ar muqdeba, 
lanTanisa da neodiumis oqsidebi gamoiyenebian optikuri minis 
warmoebaSi. neodiumis Semcveli minisagan lazerul optikur elements 
amzadeben. lanTanidebis oqsidebi gamoiyeneba minis, faifuris, 
glazuris da emalis SesaRebad. 
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aqtinidebi 
 
 

aqtinidebs miekuTvneba periodul sistemaSi aqtiniumis momdevno 14f-
elementi. maTi saxelwodebebi, atomTa eleqtronuli konfiguraciebi da 
zogierTi sxva maxasiaTebeli mocemulia cxrilSi 21. 

 

cxrili 21. aqtinidebis zogierTi mniSvnelovani maxasiaTebeli 
 

 

atomuri 
nomeri 

 
simbolo 

 
saxelwodeba 

 

eleqtro- 
nuli  

konfigu- 
raciebi 

Э0→ Э+ 
ionizaciis 
energia,  

e.v. 

 

atomTa 
radiusebi 

 
 
 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 

Ac 
Th 
Pa 
U 
Np 
Pu 
Am 
Cm 
Bk 

 

Cf 
Es 
Fm 
Md 
No 
Lr 

aqtiniumi 
Toriumi 

protaqtiniumi
urani 

neptuniumi 
plutoniumi 
americiumi 
kiuriumi 
berkliumi 

kaliforniumi 
einSteiniumi 
fermiumi 

mendeleeviumi
nobeliumi 

lourensiumi 

6d17s2 

5f06s26p66d27s2 
5f26s26p66d17s2 
5f36s26p66d17s2 
5f46s26p66d17s2 

5f66s26p67s2 
5f76s26p67s2 

5f76s26p66d17s2 
5f86s26p66d17s2 

 

5f106s26p67s2 
5f116s26p67s2 
5f126s26p67s2 
5f136s26p67s2 
5f146s26p67s2 

5f146s26p66d17s2

5,1 
6,1 
5,9 
6,2 
6,2 
6,06 
5,99 
6,09 
6,3 
6,4 
6,5 
6,6 
6,7 
6,8 
_ 

0,111 
0,108 
0,106 
0,104 
0,102 
0,101 
0,100 
0,098 
_ 
_ 
_ 
_ 
_ 
_ 
_ 

 

 atomuri nomris zrdasTan erTad am elementebis atomebSi (lanTani-
debis msgavsad) eleqtronebiT ivseba bolodan Sida mesame eleqtronuli 
Sris 5f-orbitalebi. gare da gareswina eleqtronuli Sreebi ucvlelia, 
rac maTi qimiuri Tvisebebis didi siaxlovis safuZvels warmoadgens. 
amasTan, 5f  da 6d eleqtronebis energetikuli mdgomareobebi kidev ufro 
naklebad gansxvavebulia (SedarebiT lanTanidebTan). amitom aqtinidebis 
ojaxis pirvel wevrebSi 5f  eleqtronebi advilad gadadian 6d-
orbitalebze da SeuZliaT miiRon monawileoba qimiuri bmebis 
warmoqmnaSi. amis Sedegad uranidan dawyebuli f-elementebSi ZiriTadi 
damaxasiaTebeli JangviTi ricxvebi izrdeba +4-dan +6-mde. momdevno 
elementebSi adgili aqvs 5f mdgomareobis stabilizacias, ris gamoc 5f-dan  
6d mdgomareobaSi gadasvla moiTxovs energiis did xarjs. amitom 
elementTa JangviTi ricxvebi mcirdeba +6-dan +3-mde da momdevno 
elementebi naerTebSi avlenen +3 JangviTi ricxvs. 

aqtinidebi yvela radioaqtiuria. amaTgan Toriumi, protaqtiniumi da 
urani gavrcelebulia bunebaSi, radgan maT aqvT didi naxevardaSlis 
periodis mqone izotopebi. minimaluri raodenobiT gvxvdeba bunebaSi 
neptuniumi da plutoniumi. danarCenebi miRebulia xelovnuri gziT. 

miuxedavad atomTa umdgradobisa, pirveli Svidi elementi miRebulia 
mniSvnelovani raodenobiT Tavisufal mdgomareobaSi da sxvadasxva 
naerTis saxiT. 

martivi nivTierebebis saxiT aqtinidebi qamiurad aqtiurebia. maTi 
umravlesoba haerze JangbadiT da azotiT TandaTan iJangeba. Toriumi, 
urani da sxvebi didi raodenobiT STanTqaven wyalbads cvladi (EH3-dan 
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EH4) Sedgenilobis hidridebis warmoqmniT. bevr metalTan warmoqmnian 
Senadnobebs. metalTa Zabvis mwkrivSi wyalbadamde arian moTavsebuli 
sakmaod daSorebiT, amitom iJangebian wyliT da miTumetes mJavebiT. 
tuteebTan Cveulebriv pirobebSi ar moqmedeben. 

Toriumi dedamiwis qerqSi daaxloebiT 10-3 % (masiT) misi mineralebi 
yovelTvis axlavs iSviaT miwaTa metalebis, uranis da zogierTi sxva 
metalebis mineralebs. misi yvelaze meti raodenobis Semcveli mineralia 
_ monaciti. 

UO3 _ misi samJangi anu uranis anhidridi (narinjisferi fxvnilia) 
amfoteruli oqsidia. mJavebSi gaxsnisas miiReba marilebi, romlebSic 
kationis rolSi aris uranilis ionad wodebuli UO2

2+ (mag., UO2Cl2). 
uranidebi Seferilia moyviTalo-mwvaned da kargad ixsnebian wyalSi. 

am marilebis wyalxsnarebze tutis moqmedebiT miiReba H2UO4 _ uranis 
mJavas da diuranis mJavas H2U2O7 -is marilebi: uranatebi da diuranatebi. 

mag.: Na2UO4 _ natriumis uranati da Na2U2O7  natriumis diuranati. 
fizikuri Tvisebebi: Tavisufal mdgomareobaSi Toriumi movercxlis-

froTeTri metalia. ZneladlRobadia, yvelaze damaxasiaTebeli JangviTi 
ricxvi misTvis +4-ia. misi mniSvnelovani oqsidia ThO2. gamoiyeneba 
birTvul teqnikaSi. bunebrivi Toriumi ZiriTadad Sedgeba 232

90Th 
izotopisagan, romelic neitronebis moqmedebiT TiTqmis mTlianad 
gadadis 23392U, romelic birTvuli sawvavia.  

urani aRmoCenil iqna 1789w. sufTa saxiT 1841wels iqna gamoyofili. 
bunebrivi urani sami izotopis narevia: 238

92U (99,3%), 23592U (0,7%) da 234
92U 

(0,005%). maTi naxevardaSlis periodebia: 4,5·109, 7·108 da 2,5·105 weli. uranis 
umniSvnelovanesi Tvisebaa neitronebis STanTqmisas birTvebis daSlis 
unari, rasac axlavs uzarmazari raodenobiT energiis gamoyofa. uranis 
es Tviseba gamoyenebulia birTvul reaqtorebSi, romlebic energiis 
wyaros warmoadgens da agreTve is aris atomuri bombis moqmedebis 
safuZvelic. birTvuli energiis misaRebad gamoiyeneba 23592U da 23392U. 23892U-
dan Rebuloben plutoniumis 23994Pu izotops, romelic gamoiyeneba agreTve 
birTvul reaqtorebSi da atomur bombebSi. 

urani mravalricxovan naerTebs warmoqmnis, romlebSic misi yvelaze 
damaxasiaTebeli JangviTi ricxvia +6. 
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danarTi 
 

marilebis, mJavebisa da fuZeebis xsnadoba wyalSi 
 

ionebi H+ +
4NH K+ Na+ Ag+ Ba2+ Ca2+ Mg2+ Zn2+ Cu2+ Hg2+ Pb2+ Fe2+ Fe3+ Al3+

OH¯  xs xs xs _ xs mx u u u _ u u u u 
−
3NO  xs xs xs xs xs xs xs xs xs xs xs xs xs xs xs 

Cl¯ xs xs xs xs u xs xs xs xs xs xs mx xs xs xs 
S2- xs xs xs xs u _ _ _ u u u u u u _ 

−2
3SO  xs xs xs xs mx mx mx mx mx _ _ u mx _ _ 

−2
4SO  xs xs xs xs mx u mx xs xs xs xs u xs xs xs 

−2
3CO  xs xs xs xs u u u u u _ _ u u _ _ 

−2
3SiO  u _ xs xs u u u u u _ _ u u _ _ 

−3
4PO  xs xs xs xs u u u u u u u u u u u 

CH3COO¯ xs xs xs xs xs xs xs xs xs xs xs xs xs xs xs 
 

pirobiTi aRniSvnebi: xs _ xsnadi (1 g-ze meti 100 g wyalSi); 
mx _ mcired xsnadi (0,001 g-dan 0,1 g-mde 100 g wyalSi); 

u – uxsnadi (0,001 g-ze naklebi 100 g wyalSi); 
`_~ _ iSleba wyliT an ar arsebobs. 
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	TiI4 → Ti + 2I2 
	titani bunebaSi sakmaod farTod gavrcelebuli metalia (dedamiwis qerqSi misi Semcveloba daaxloebiT 0,57%-ia (erT miliardze meti tona). maRali qimiuri aqtiurobis gamo titani Tavisufal mdgomareobaSi ar gvxvdeba. is gavrcelebulia minera lebis saxiT (cnobilia misi Semcveli 100-mde minerali), romel Tagan mniSvnelovania ilmeniti − FeTiO3, rutili − TiO2, perov skiti − CaTiO3 da sxv.  
	  
	titanisaTvis naerTebSi tipuria +4 JangviTi ricxvi _ TiO2, TiF4, FeTiO3, CaTiO3 da sxv., Tumca cnobi lia titanis naerTebi misi atomis +2 da +3 Jan gviTi ricxviT _ TiO, Ti2O3, TiF2, TiF3, romlebic sakmaod mdgradi naerTebia. titanis naerTebs +2 (TiO, TiF2, TiCl2) da +3 JangviTi ricxviT {[Ti(OH2)6]3+, [TiF6]3-, Ti2O3, TiCl3} axasiaTebT 6 koordinaciuli ricxvi da  oqtaedruli struq tura; tita nis naerTebs +4 JangviTi ricxviT axasiaTebs rogorc tetraedruli (TiCl4, BaTiO3), aseve oqtaedruli  (TiF62-, TiO2, CaTiO3 da sxv.) struq tura. 
	TiO2 da titanis tetraqloridi (TiCl4) maRal temperaturaze (1200 da 650°C-ze) aRdgebian Ti(III) Sesabamisi naerTebis warmoqmniT:  
	2TiO2 + H2 → Ti2O3 + H2O 
	2TiCl4 + H2 → 2TiCl3 + 2HCl 
	Ti(IV)-is naerTebis eleqtroqimiuri an qimiuri aRdgeniT wyal xsnarebSi warmoiqmneba titanis iisferi akvakompleqsi Ti(OH2)6]3+. 
	martivi tipis struqturebs titani warmoqmnis mxolod ara wyal xsnarebSi. aseTi reaqciebis magaliTia titanis tetra qloridis (TiCl4) urTierTqmedeba SO3-Tan Txevad sulfurilis qloridSi (SO2Cl2): 
	TiCl4 + 4SO3 → Ti(SO4)2 + 2SO2Cl2 
	 
	gamoyeneba: titani farTod gamoiyeneba teqnikaSi, medicinaSi, sayofacxov rebo daniS nulebiT (saaTebis da laq-saRebrebis warmoebaSi) da sxv. mis gamoyenebas ganapirobebs Semdegi faqtorebi: 
	- didi bunebrivi resursebi; 
	- maRali koroziamedegoba, antioqsidanturi Tvisebebi  da sim tkice; 
	- simsubuqe da sxva metalebTan unikaluri Tvisebebis Senad nobebis warmoqmnis unari. 
	titani saraketo, saaviacio, saavtomobilo da gemTmSeneblobisa da sxvadasxva sakonstruqcio nagebobebis mniSvnelovan metals warmoadgens. unikaluri Tvisebebi gaaCnia titanis Senadnobebs rkinas Tan (korozia medegi da mtkice foladebi), aluminTan (dur alumini), nikelTan (niti noli) da sxv. igi gamoiyeneba medicinaSi osteoprotezebis dasamza deb lad. TeTri feris titanis dioqsidi (TuTiis TeTra) ki saRebrebis dasamzadeb lad. titanorganuli naer Tebi tetrabut oqsi titani Ti(OC4H9)4 gamoiyeneba sxvadasxva poli meruli kompo zi ci ebis gamyarebis kataliza to rebad da dana ma te bad da a.S. 

