(C, Si, Ge, Sn, Pb)
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V-A guruh elementlari

1 2 13 14 15 16 17 18
H (H) | He
Li | Be B|(C N|O/|F|Ne

Na | Mg Al Sy P | S | Cl| Ar
K | Ca Ga |[(ye As | Se | Br | Kr

Rb | Sr | d-block | In [ §pn | Sb | Te | I | Xe
Cs | Ba 11 |Pb | Bi | Po| At | Rn
It | Ra

C- uglerod

, S| —  kremniy . Ge - germanty | Sh- qalay Ph —go’rg'oshin




e
C, Si, Ge, Sn, Pb gidridlar

GeH,, SnH,, PbH, Barqaror emas

CH, SiH, GeH, SnH, PbH,

_d

Barqgarorlikni kamayishi

Bog’lanish qutbiyligini ortishi
Suyuqglanish va gaynash haroratlarini ortishi

300+ 450 -

250 400 ]

200+ 350

150 300

1004 250 ] OHepaus
50 2001 C€83U E-H
0. ]

501 150 - k[x/Morb

100 100 ]

CH, SiH, GeH, SnH, PbH, CH, SiH, GeH, SnH, PbH,



slementlarning xossalar

C Si Ge Sn Pb

At.ragami 6 14 32 50 82

El.konfig. 2s22p?  3s?3p?  3d'%4s?4p? 4d'05s%5p?  4f145d1°6s526p?
Radius (pm) 77 117 122 140 152

i (eV) 11.26 815 ) 7.90 7.34 7.42

L (eV) 24 .38 16.35 15.93 14.63 15.03

i (eV) 64.49 45.14 45.71 40.73 42.32

Ae (eV) 1.26 1.38 1.2 1.2 -

ol 2.6 1.9 2.0 1.8 1.9

y AR 2.50 1.74 2.02 1.72 1.55

Ok.dar. 4024 -40,2)4 (-4),024 0,2,4 0,2,(4)



R
Odaiy moddalarning xossalar

C Si Ge Sn Pb
T.g (°C) 3300 (sublim.) 1420 945 232 327
T.q. (C) -- 3280 2850 2600 1740
. olmos, olmos olmos oqrangli  metall
Allotropiya erafit, strikturasi gtrikturasi (metall) k.s.=14
karbin kull rans
g (olmos
10fn;deyht, strukturasi)
ulleren
AG,, Cc-C Si—Si Ge-Ge Sh—Sn Pb-Pb
kJ / mo’l 346 236 186 151 92
C=C Si=Si Ge=Ge Sh=Sn
598 310 270 190
C=C
813

E, (eV) 5.47 (olmos) 1 12 0.66 0.08 (kulrang) O



R
Uglerod allotropiyasi

Grafit
sp?

¥ Fulleren Coi d =142 pm
d(6,6) = 139 pm

d(5,6) = 146 pm




Uglerod allotroplyesl

olmos

shaffof
kristallar

eng qattiq modda

izolyator,
yugqori issiqlik
o’tkazuvchan

erimaydi

kislorod O X
vaftorda F
yonadi ?

1800 K da
grafitga o’tadi

karbidlar xosil qiladi

grafit

gora plastinalar

yumshoq

metall
o’tkazgich

erimaydi

kislorod 0O X
vaftorda F
: 2
yonadi

termodinamik
barqaror
interkalilanadi

fulleren

qora kristallar

o’lchovli qattiqlikka ega

organik eriuvchida eriydi

F, bilan
ftorfullerenlar
xosil qiladi

fulleridlar xosil qgiladi



——————
Uglerodni xossalar

1. Yonish reaksiyasi
C (olmos) + O, =CO, C (grafity +0O,=CO0O,
C (olmos) = C (grafit) A, G, =-2.8 kJ/mol
2. Grafitni oksidlanishi
12C (grafit) ' + 18HNO, (konts.) > C4(CO,H)s + 18NO, + 6H,0

3. Grafitni interkalilanishi

HF

2C+F, —— 2CF sp? — sp?
2 450 oa (sp P~)
sc+k 189°Cke, (bronza rangli metall) ;)

C + H,S0, (k) N | [c. +[HSO,]2H,0 5(C)>0




E——— |
Grafitni inkalilanisii

Graphite KC KC




Fullerren Cgo X0ssalart

[K(crypt-222)],Cg t CeoFae + CooFag

CeoHig - CogHag CeoCle




Fulleren Cegp




Kremniyni xossalar

Kremniy uglerodga nisbatan katta reaktsion qobiliyat namo

Si + 2F, = SiF, npn H.Y.

1
Si + 2Cl, = SiCl, 400 °C
Si+ O, = Si0, 600 °C

Kremniy ishqorlarda eriydi, kislotalarda emas:

-tc:

Si + 2KOH + H,O

F- ishtirokida oksidlanadi:
3Si + 4HNO, + 18HF = 3H,SiF, + 4NO + 8H.,0

sj qizdirilsa gy | S P N B bilan reaksiya ketadi
Si+2P=SiP, 600 °C

K,SiO, + 2H,




|
Ge, Sn, Pb ni xossalar

1.Qizdirilganda galogenlar, kislorod va oltingugurt bilan reaksiyaga
kirishadi: Ge + 2C|2 = GE‘C|4 (Sn) +4

Pb + Br, = PbBr, +2
Pb+ S =PbS +2
Sn+ S =3nS +2
Sn + 2S = 8nS, +4

2. Ge va Sn qizdirilganda ishqorlar bilan ta’sirlashadi:
Sn + 2KOH + 4H,0 = K,[Sn(OH),] + 2H,
Ge + 2KOH + 2H,0, = K,[Ge(OH),]

3. Snva Pb kislotalarda eruvchan:

Sn + 2HCI = 2SnCl, + H, (Pb ?)



|
Ge, Sn, Pb ni xossalart

4. Ge, Sn, Pb Oksidlovchi kislotalarda oksidlanadi
3Pb + 8HNO; (394, = 3Pb'"(NO,), + 2NO + 4H,0
Ge + 4HNO; = GelVO, + 4NO, +2H,0
5. Ge, Sn, Pb Ishqoriy metallar eritmallari bilan ta’sirlashadi (NH3 ishtirokida)

KOHLL)

2K + 5Pb + 2en -2, [K(en)],Pb. /

Pb.2-
Sng-

Sintl anionlari




|
C, Si, Ge, Sn, Poni elinisni

1. Ko’'mir, grafit va olmos ko’rinishida qazib olinadi.
2. Kremniyni qum va silikatlardan sjo, + 2c = 2c0 + si

Si0, + 2Mg = 2MgO + Si

3. Germaniyni Zn,Ni ni boyitilgan chiqindilaridan:
GeO, + 2H, = Ge + 2H,0O
4. Qalayni — klassiterit mineralidan: Sn0O, + C = Sn + CO,

5. Qo’rg’oshin — sulfidli minerallardan ( PbS — galenit) :

2PbS + 30, = 2Pb0O + 250,
PbO + CO=Pb + CO,



R
@ St, Ge, Sn, Pblarni gidriclart

CH,, C,Hs ... sp* d=154pm  E =346 kJ/mol
C,H,, ... sp2 d=135 ,;  E =598 kJ/mol
C,H,, ... sp  d=120 pm  E =813 kJ/mol
Al,C, + 12H,0 = 3CH, + 4AI(OH),

CaC, + 2H,0 = C_H, + Ca(OH),

2. Mg,Si + 4H,0 = SiH, + 2Mg(OH),

. . ELO .
SiCl, + Li[AIH,] —2—> SiH, + LiCl + AICI,
siH, —220°CAL gy on
SiH, + O, = Si0, + 2H,0




S va Ge galogemralar |

Si(s)+2 Cly(g) = SiCly(l)
$i0,(s)+2 Cly(g)+2 Cls)—2—SiCl,(1)+2 CO(g)

Silicon and germanium halides are mild Lewis acids and add
onc or two ligands to yield five- or six-coordinate complexes:

SiF,(g)+2 F-(aq) - SiF?
GeCly(1)+ N=CCH; (1) = C1,GeN=CCHiy(s)

Hydrolysis of the Si and Ge tetrahalides s fast, and can be rep-
resented schematically as

FX‘ +2 Hz()—) EX4(0H2 )z . FO: +4 HX
(E=Si or Ge, X =halogen)
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Karbidlar

.' . ionli E] metalloidli
E D noma’lum

=]
(=)
[o
=
I 1

metall | | BOINa Uil ~——>"u. e

Si||P|lS|Cl
.' [: molekulyar )
3 A [ f NN AY 4 AY 4 I N { [ Y
.. Sc|[Ti||V || Cr (|Mn||Fe||Co (| Ni As (| Se || Br
2 ) y \ AN JL I J y \ \ y

l. \ 4 \( () \( ) {
2 || Zr ||Nb [|Mo|| T¢ |[Ru |
lu
J y y \ \ \ J L J L J J L "
3\ N N a  \( e Y4 AYd
Ac
Ba| <~ ||Hf|(Ta (| W ||Re]|Os
Lr
J\ J \ J \ J\ \ ) y, \ \
n Y R a G () @ N \(

La || Ce || Pr||Nd|(Pm]|{Sm (| Ev |[|Gd |/ Th ||Dy ||Ho || Er [|Tm|[Yb || Lu

FAS ) \ \ \ ) \




——————
Mgﬂ@r@@ﬂ galogenidlar

F4 CCl, CBry Cly
T.q . °C 184 23 94 171[ (parchal.)
- q L oC -128 77 187 -

d(C-X), pm 136 176 194 215
AGO,q, 888 6 67 260

200 4G

N Kk[x/morsb

200

-400

-600-

-800-

CF, ccl, CBr, Cl CF, ccl, CBr, Cl



Uglerod galogenidlarini olinishi

SIC + 15”:2 = SIF4 + CF4 ENaOH bilan tozalarsh)

CS, + 201, ~25 CCl, +25

3CCl, + 4AIBr, = 3CBr, + 4AICI,

CCl, + 4CHI ¢, + 4C H.Cl



——————
Uglerod galogenidlarini xossalari

1. Kichik reaktsion qobiliyat.
2. Suv bilan ta’sirlashmaydi, unda erimaydi.
3. X- ni biriktirmaydi.
4. CCly — Xlorlovchi reagent
La,O, + 3CCl, = 2LaCl, + 3CO + 3Cl, 500 °C
S. Aralash galogenidlar

GCl+Fs — i GFsCk + Gl

6.  Uglerod ftoridi - C2F4

freon - 12

CHCI, + 2HF —>PFs

> CHF,CI + 2HCI

schEel-T90C _eg  ohe)

Y

‘ CF,



——————
Si, Ge, Sn, Pb tetragalogenidlar

1 EX, Q{pome PbCl,) nony4yatoT npAMbIM ranoreHMposaHueM
(istisno
Ge + 2CI, ©» GeCl,

(NH,),PbCl, + H,SO, -2+ PbCI, 4+ (NH,),SO, + 2HCI

2. Bce EX, (Kkpome SnF,, PbF,) pacTBOprMbI B OpraHn4ecKunx
pacTBopuUTenax

SnkF,, PbF, — «—

nonNvMMepHasi CTPYKTypa, . ‘«

KYy. =6 "( )
<

3. Bce EX, (kpome SiCl,, SiBr,, Sil,) npucoegnHAT X~
2KF + SiF, = K,SiFg
2NaCl + SnCl, = Na,SnClg

PbF,



H>S1Fe  [kislotasi

["fekcadTopokpemMHMeBana kmcnorta H,SiF;

pK,, =-0.6 CyLLeCcTBYET TONbKO B BOAHbIX pacTeopax 0o 61%

d(Si—F) = 169 nm

<\

3SiF, + 3H,0 = H,Si0, + H,SiF,
SiO, + 6HF (p-p) = H,SiF, + 2H,0
SiF, + 2NaF (p-p) = Na,SiF,

MSDSJ’IEKTDGHHDCTI:Z



——————
Ge,Sn, Pb digalogenidlari

1. EX, nmetoT nonumepHoe cTtpoeHune ¢ K.4. oT 6 (Ge) oo 9 (Pb)

2. SnX,, PbX, obpasywT rugpathl

Sncl. SnCl,-2H,0

3. SnX, pacTtBopumbl B Boge, PbX, (Kkpome PbF,) HepacTBOpUMSI,
GeX, rmgponunayTca

GeCl, + 2H,0 = Ge(OH), + 2HCI



4. GeX,, SnX,, PbF, nonyyatoT conponopuuoHnpoBaHueM

SnBr, + 2Sn ©Ar, 23nBr, h
9. PbX, (kpome PbF,) ocaxgaroT U3 pacteopa é Sn ¢
Pb(CH,COQ), + 2KI = Pbl, + 2KCH,COO 8 snCl;
6. GeX, SnX, PbX, .

>
ocnabneHne cunbl BOCCTaHOBUTENSA

SNnCl, + SO, + 4HCI = H,[SnCl ] + S + 2H,0

7. 5SnCl;~ — ocHoBaHue Jlbtouca

Pt(SnCly);

to, Ar

8SnCl, + Pt + 2PtCl, » SN,Pt,Cl,,

9 [(SnCl);(Pt{SnCl3);)5]

e 1A



Uglerod (1) oksidini tuzilishi

o
n*
=
(=)]
e
D
o
(88 o‘z
7T
o g
o-S

3c (BBMO) — onpegensaeT OOHOpPHbIE CBOWCTBa

1t (HBMO) — onpegenseT akuenTopHblie CBOUCTBA

N 0 auHeHged )



CO xossalart

1. Nony4yeHne
CO,+C=2CO0O

2. HepacTBOpUM B BOAE, KMCNOTaX W LLENoYax npu H.y.

to, KaT.

CO + NaOH & » NaHCOO

3. I'pKn BbICOKMX TEeMMNepaTypax

to, kar.
CO + 2H, > CH,OH

to, Kar.
CO +H,0 * CO,+H,

4. ObpasyeT KapOboHUNbI
4CO + Ni = Ni(CO),
H[CuCl,] + CO = Cu(CO)CI + HCI

(bopmmar)
5 c
r\
Ni

Ni(CO),




K@fb@mﬁﬂmg@ﬂ@g@mﬁdﬂ@r

CO + Cl, —r COCl,
(karbonilxlorid, fosgen)

sp?

COF, COCl, COBr,
Ts. °C -114 -128
T.q. ,°C -83 8 65

AG®,5 kJ/ mo’l 619 -205 111



Fosgenni xossalart

0=C=0

Figure 13-8
Shriver & Atkins ino rgonkthomhuy,&m sam
© 2006 by D.F.Shri PW Atking, T.L. Overton, ). P Rourke, M. T. Weller, and F. AL Armstrong



Uglerod (IV) oksiaini xossalari

1. Nony4yeHune

-
g

C+0,=CO, @

CaCO, + 2HCI = CO, + CaCl, + H,0O co .
2. [1Noxo pacTeopaeTCca B BoAE ’

CO, + H,0 < H,CO,
CO, + 2NaOH = Na,CO, + H,0 l
\

H,CO, < H* + HCO,~ < 2H* + CO,2- ,’\
-

pKa, = 3.9 pKa, = 10.3 .
; CO,%
3. OKMCNUTENDb NMPU BEICOKOW TEMNepaType
2Fe + CO,=2FeO +C
4. KapboHaTtbl: HCO,~ xopowo pacteopuMbl, CO,2~ — Nfoxo

C0O.2-+ H,0 < HCO,~ + OH-



Uglerod (IV) oksidini xossalari

£, atm f=31°C IB
P =73 arm |
|
CO,(x.) |
|
=t I
| COxm) COy(r.) |
_______ |
41 | [7=-57,2°C| |
2 | ; P=52arm| |
0 , l

120 -100-80 —60 —40 —20 0 20 1,°C
| CO; (a3 + H,O = COyaq + H,0
PaBHOBECUSA B CO,-aq + H,0 = H,CO.-aq
BOOHOM pacTBOpE:
H,CO,-aq = H*-aq + HCO,-aq
H*-aq + HCO,-aq = 2H*-aq + CO,%aq




———
Sﬂ Ge, Sn, Pb oksicdlar

GeO SnO PbO
T.cybn. 1700°C  T.cybn. 770°C T1.nn. 1040°C T.NnN. 886°C
KOPUYHEBbLIN YepHbI YepHbI KpacHbIA (o)

enTtbln ()

SiO, GeO, SnO, PbO,
T.Nn. 1728°C T.nN. 1116°C T.nn. 1360°C T.nn. 280°C
DecuBeTHbIN OecuBeTHbIN OecUuBeTHbIN  (pasnoXxeHue)
nonunmMmopdeH KOpUYHEBDIN

TakKe N3BecTHbI: Pb,0O, (2PbO-Pb0O,)

«CYPUK» - KpacCHbIW

Pb,O, (PbO-PbO,)
YepHbIN (o), opaHXeBbl ([3)

2Pb,0,222°S eppo+0,  2Pb,0,222°S apbo + O,



1800 -

1500 - EOQ,
1200-
900 -

1 EO
600 -

300 -




|
S1,Ge,Sn,Pb xossalart

1. SiO GeO SnoO PbO

YBEINTNYEHUNE }*’CTOﬁ'—IMEDCTM
yBeEINMM4HEHE OCHOBHOCTHM
ocnabneHue cunbl BOCCTaHOBUTENSA

2810 = SI0O, + Si (Meg4neHHO Npu H.Y.)

SnO + 2HCI = SnCl, + H,O

SnO + 2KOH + 3H,0 = K,[Sn(OH),(H,0).]

3GeO + 12HCI + 2BiCl, = 2Bi + 3H,[GeCl,] + 3H,0

2. Sio, GeO, Sno, PbO,

>

YMEHbLLUEHWNE },E'CTDFILIMBGCTM
YCHUITEHWNE OKNCITNTEITbHbLIX CBOWCTB
YMeHbLWEHWNE KMCITOTHOCTK



1. KBapy (Q), TpuanmumT (T), Kpuctobannut (C)
575°C 870°C 1470°C 1728°C

0-Q T T BQ T BT ——F pC — L
163°C H 230°C H
a-T a-C
120°CH
v-T

2. HU3KU KO3 PULNEHT TEPMUYECKOIO pacLUMpeHNs
BbICOKMI Nbe303NeKTPUYECKNn KOappuuneHT a-Q



d(Si-O) = 160 nm
E(Si-O) = 466 k[x/Monb

412
360
743
348
612
837
486
322

JHeprusa ceasu (kdx/monb)

Si—H 318 Ge—H 288 Sn—H
Si—0 466 Ge—O0 350

Si=0 642

Si—Si 326 Ge—Ge 186 Sn—Sn
Si—F 584 Ge—F 466

Si—Cl 390 Ge—Cl 344 Sn—Cl

250

150

320




4. XUMUYEeCKN MHepTeH
SiO, + H,O = SiO, + F, = SiF, + O,

SiO, + NaOH (KoHL) —» Na,SiO, + H,0
erFILIaFI KOHUEHTPUpOBaHHAaA Wernnoydb MeaneHHoO pasbeaeT CTEKIIO

5. OpToKkpemMHueBana Kucnota H,SiO,
pacTBopuMa B Boage, pKa, = 9.65
MeTakpeMmHueBasa kucnorta H,SiO,, He pacTBopAeTCca B BoAe

6. CUMnMKaTbl — CONU KpeMHUMEBDLIX KACIOT, pacTBOpUMbI Tonbko Lit, Na*
Na,CO, + 6Si0, + CaCO,; = Na,CasSi;0,, + CO, (CTekno)
SiO 4 + H,O = HSIO> + OH-
. T —— [fnaponns,
1- . _
H,SIO,~ + H,0 < H,SIO, + OH «Kngkoe cTekno»

2H,SiO,"- = H,Si,0,2-+ H,0




Silikatlar

1. ObbveguHeHUe TeTpasgpos

B buTeTpasgpbl Si,O0;5

2. Llnknnyeckme cunukatol

4 [5i,0,1%

‘v ‘v 3. Lleno4veyHble cunukaThbl:

-2 0bLwme BepwnHbl ' [SiO,]*
“ LiAI(SiO,), — cnoaymeH
- LAAAAAL
[SigO1s] —
Be,Al,Si;O, 53— U3ympyn, 6epunn - paseeTBneHHble uenu ' [Si, O]

acbecTbl



4. CnoucTble cunukaTbl

3 obuime BepLUnHbI Y Kaxkgoro TeTpaagpa 2 [Si,OL]%
Mg,(OH),(Si,05), — TanbkK

5. KapKacHble cunukaTbl
BCe BepLUMHbI obLMe, YacTb Si 3amelleHa Ha Al unm Be

3_[Al_Si,_ ,O,]" ueonuTbl
Nay(Al;Siz0,4)S; — yNbTpamapuH

Supercage
Cubic cage

Sodalite cage

Fapasersar

Shriver & Atk orgorss Chenabarg, Fasrth Efvva e

Ahrer & L0 bis msrpema (s A e S & e £ 2000 by O Shewvee W, Ad v, LU Overtan L £ Scudec M T Wil lor. and L. A Avratyeng
JU0K by 8 W P A, Th G e, & P, M e, el 7N, ey



Seolitlar

A AFI

e

it

Pryere 810 Spand
Uirieer & Srbens Inwgoms Chmmavy. Fome Bivien



Sn,, Pb oksidalrining o’ziga xosligt

SnSO, + 2H,0 + 2NH, = Sn(OH), + (NH,),SO,
3Sn(OH), = Sn,0,(OH), + 4H,0

Sn(OH), + 2NaOH = Na,[Sn(OH),] 25 °C
2Sn(OH), + 2NaOH = Na,[Sn(OH),] + Sn 100 °C
2. Na,[Sn(OH),] + CO, = Sn0,-2H,0 + Na,CO, + H,0

Na,[Sn(OH),] + 8HCI = H,[SnCl,] + 6H,0 + 2NaCl

SngO4(OH),

3. 3PbO, —» Pb,O, + O, (~280 °C)
2PbO, + 2H,S0, = 2PbSO, + O, + 2H,0



I EEEEEEE————————————,
C,S1,Ge,Sn,Pb sulfidlar

cS, SIS, GeS, sns,

OecLBEeTHbIN OecUBETHbIN OeCLBETHbIN KENThIN
T.An. -112°C  T1.BO3r. 1100°C T.BO3r. 840°C T.pasn. 522°C

H,[SnCl;] + 2H,S = SnS, + 6HCI
SnS, + Na,S = Na,SnS,
SiS, + H,0 = H,Si0, 4 + H,S

GeS SnS PbS
KpacHbI KOPWUYHEBLIU YepHblid
T.Nn. 665°C T.NN. 881°C T.nn. 1077°C

SnCl, + H,S = SnS + 2HCI
SnS + (NH,),S, = (NH,),SnS,
Pb(CH,COO), + H,S = PbS + 2CH,COOH



HCN, HSCN kislotalari

1. UnaHoeogopog HCN, T.nn. =13 °C, T.kMN. 26 °C
pacTBoOp B BOAE — CMHUNbHAaA KKucnoTta pKa = 9.31

CaC, + N, 1000 Cr-C + CaCN, (umaHamumg) .f.
CaCN, + Na,CO, + C = 2NaCN + CaCO

2 2 3 3 .HCN
NaCN + H,SO, = HCNT + NaHSO, K

4NaCN + 50, + 2H,0 = 4NaHCO, + 2N,
4NaCN + 2CuSO, = CuCN + Na,S0, + C;N, (auuman)

o
%CN)2

2. PopgaHoBogopog HSCN, 1.nn. 5 °C,
PacTBop B BoZe — TUoUMaHOBasA (pogaHoBas) KucnoTa \

»
H-S—C=N < H-N=C=S; HSCN < H" + SCN- pKa =0.28

KCN +S_© +KSCN (peakTuB Ha Fe¥*)



E’TIBORINGIZ
UCHUN
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