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1 .  HanITre CTeIeHH OKHCJIeHM BCeX IeMeHTOB B Ke1Toi KpOBHOi con1I, K[Fe(CN)«]. 

OTBET: K: +1 ;  Fe: +2; C: +2; N: -3 (Kami eMeHT 1 6a.01.1) 

(4 6a.a1a) 

2. IHp CMeIIHBaHHH DaBHIX O61MOB IByXx ra30B nOyHaeTC O6pa3eL C IIJIOTHOCT6IO I1O 

BO3JIyXy 0,517 .  HBBeCTHO, HTO Ta3I COOTBeTCTBVIOT eCTeCTBeHHOMV H3OTOIIHOMy COCTaBy 

IIpHpOJIHIX JIMeHTOB. IHpBeITe He MeHee TDeX IIap BO3MOKHIX Ta30B. 

OTBET: H CO; H N; H CH; He n CH (anan napa - 2  6a11a; yHTBIBaOT» 3 

IIpaBJIHIe I1apI) 

(6 6a01.010B) 

3. COKTJ1H 20 MI1 HeKOTOpOTO Ta3006pa3HOTO yFJIeBOJIOpOIa B 140 Mn1 O». lap1 BOIII 

CKOHJIeHCHDOBa.JIM, H3MepHJIH O6BeM OCTaBIIIHXC Ta3OB, OH COCTaBH1 100 MI. CMec 

nponyCTIH epe3 paCTBOp NaOH, nOCIe TOTO O61eM Ta30B 0Ka3an10 paBeH 40 MI. Bce 

061eMI H3MeDeHI IIDH HODMaIBHBIX VCJIOBHIX. C IIOMOIIIBIO DaCHeTOB yCTaHOBHTe 

XIMHHeCKyIO pOpMyJIy yFIeBOJ10pO1a. 

OTBET: CH + (x + y/4)0 = xCO» + y/2HO (3 6an1a). Ilocne nponyCKaHH epe3 utenos: 

CO + 2NaOH = Na3CO + HO (3 6a11a). H36ITOHHOTO KCJIOpOJ1a 40 Mn1 (2 6a11a). 

H3pacxOIOBao 100 MI1 KHCJIOpOIa (2 6a1.21a). CO IIOJIyHHJIOCE 60 Mn1 (2 6an11a). 

n(CH9):n(CO3) = 20:60 = 1 : 3 ,  3Har x = 3 (3 6aa1a). n(CH9):n(02) = 20:100 = 1 : 5 ;  1(x+y/4) 

= 1 :5 ,  CIeIOBaTeJIHO y = 8 (3 6a1.1a). Coe1HeHHe CHgs nponan (2 6a11a). 

(20 6a.1.a10B) 

4. BcMyT, Bi, oco6eHHO HTepeCHHi JIeMeHT. OH HaXOIIITC B VA IIOJIIpVIIIIe I1OJI I1By M 

JI0BHTIMH 9JIeMeHTaMH: MIIIIBHKOM H CypMOf, a B 6-M IIepHOIe Cpa3y IIOCJIe TOKCHHHIX 

pTVTH, TaJIJIHH H CBHHLIa, H IIeDeI OIIaCHBIMH DaJIHOaKTHBHIM IeMeHTaMH IIepHOJIHHecKOf 

Ta61HLII. TeM He MeHee CaM MeTaJIJIHHeCKM BHCMVT 6e3OIaCeH M MCIIOJIB3OBaJICH, HapHMep, 

KaK aITeDHaTHBa CBHHLIy B DI6OJIOBHIX TDV3HIaX HJIH OXOTHef I1p06H. 

IIpn peaKL Xx1OpHI1a BHCMyTa(III) BiCl c MeTHJIMaTHHi~IOI10M CH3MgI o6pa3yeTcn 

TDHMeTHJIBHCMyTaH Bi(CH4) B BHIe 6eCLIBeTHOTO MaCIa, KOTOpOe CaMOn1pOH3BOJTHO 

BOCIIJIaMeHHeTC Ha BO3JIyxe. IHpMeaTeJHO, HTO Ta peaKLIHOHHOCIIOCO6Ha KHJIKOCT B 

HaCTOHLIIee BDeMH HCCIeJIVeTCH Ha IIDeIMeT HCIIOJI3OBaHH B HOHH3aIIHOHHIX JIeTeKTODaX JI1H 

IIO3HTDOHHO-MHCCHOHHOf TOMOIpapHH JIII IIOIVHeHMH H3O6paKeH MO3Ta BBICOKOTO 

pa3peIeH. 

B Ta6nIILe HHKe IIDHBeJIeHI TeIIJIOTI HeKOTODIX DeaKLIMf, Ha OCHOBaHHH KOTODBIX BaM 

HeO6XO[IMMO OIIpeIeJIHT TpeOyeMIe TDMOJIHHaMHHeCKHe BeJIHHHHI. 

N PeaKL1M 
Tenn1oBoii 

bpeKT, K]UK 

a 2Bi(CH9)(c) + 12 0»(2) = Bi050m6) + 6 CO(2) + 9 H»0(c) 5824 

b 2 H(2) + 0(2) = 2 HO(c) 572 

C C(ma) + O(2) = CO(2) 394 



d 4 Bi (me) + 3 0(2) = 2 Bi»0(m6) 1148 

e C(mo) + 2 H(2) = CHI() 75 

f Bi(CH3)Ge) = Bi(CH9)»(2) -35 

g H() = 2 H(2) -218 

h Bi (ma) = Bi(2) -208 

i CHA(2) = CH(2) + H(a) --429 

1 .  IHpBeIITe ypaBHeHHe IIOJIHOTO CrOpaHH Bi(CH3). 

2. IHpBeIHTe ypaBHeHHe II paceTa (epe3 a-i) BIHHCJIHTe TeIIJIOTy DeaKLIMH 0pa30BaHH 

Bi(CH)»(c). 

3 .  IIpBeTe ypaBHeHHe JI1 paceTa (epe3 a-i) BIHCJIMTe CDeJIHOIO IIDOHHOCT CB3H Bi­ 

CH, B Bi(CH3)»(e). 

4. IHoeMy He CyIIeCTByeT COeJIIHeH Bi(CH9)s? (20 6a.1.010B) 

3H(2) + Bi(CH,)»(2c) 

is. 
6H(2) + Bi(me) + 3C(me) = Bi(me) + 6H,(2) + 3C(me) 

OTBET: VpaBHeHie CrOpa: 2  Bi(CH)(c) + 12 0(2) = Bi030m) + 6 CO(2) + 9 HO(Ic) 

(1 6a.1). PeaKL 06pa30Ban Bi(CH)(c): Bi(ma) + 3C(ma) + 4%H(e) = Bi(CH)(c) (3 

6a1.1a2). B Ta6LIe IIpHBeJIeHEI TeIIJIOTI CTODaHHH BCX yHaCTHHKOB TO1 peaKL, I1OTOMy 

MOKHO BOCIOJ130BaTc ypaBHeHHeM Qpeasn. =)Qerop. ex. -)Qerop. po (1 6a.11). IIp TOM 

HaJIO yHeCTL, HTO HeKOTODIe VDaBHeH M TeIIJIOBe bpeKTEI HVKHO JIOMHOKMT II1 

IIpHBeJIeHI B COOTBeTCTBHe KObbLIeHTOB. TOr/Ia IIOJIyHHM CIeyOIee BIpaKeHHe: 

Q/ (Bi(CH)(c)) = %d + 3c + 2%b /a (3 6a.1.1a). Q/ (Bi(CH)»(Ic)) = 1148 + 3·394 + 

2/·572 /·5824 = 156 (KU/MOJ1) (3 6a.211a). CpeIIH IIpOHHOCT CBI3H - TO OIHa TpeT 

OT HepTHH IIOJIHO JIMCCOIIHaIIHH BCeX CB3ei Bi-CH, To ecT TeIIIOTI cIeIyoIe peaKLIHH: 

Bi(CH)(e) = Bi(e) + 3CH3(2). Janee Hao CKOM6HHpOBaT MOLIMeCH ypaBHeHHH, TO6I 

IIOJIyHHTE HCKOMOe. O603HaIM Q/ (Bi(CH3)(ow)) 3a q, a MCKOMyo Ten1OTy 3a x. JI 

HaTJIJIHOCTH M IDOCTOTI JI06aBHM TDH aTOMa BOJIOpOIIa C O6ex CTOpOH pDeaKIMM (TO He 

H3MeHHIT TeIIJIOBOrO pbeKTa) H COCTaBHM 6J1OK-CxeMy. 

3H(a2) + Bi(CH3)»(2) = Bi(e) + 3CH,(2) + 3H(2) 

' \w 
3CH(2) 

le 
3r = f 1 , 5 g - q + h + 3 e  +3i, Tora x = f Vg -/sq + /sh +e +i (3 6a.211a). 

E(Bi-CH) =%(-35)-V(-218)-/(-156)  +/%(-208) +75 +(-429) = 251 (/I/Mon19) (3 

6a.1.1a). 

Coe[MHeHH Bi(CH)s He CyIIeCTByeT, TaK KaK Bi' npOBIHeT CHIIBHBIe OKMCJIITeJIHIe 
CBOiCTBa I 6yIeT OKICJIHT IIpHCOeJIHHHOIIIHiC K HeMy yFJIepOJ1 (3 6a.1.1a). 

(20 6a.1.2108) 



5. arp3HeHHe IIJIaCTHKOM B COBDeMeHHOM MHpe CTaHOBITC BC~ 6on1ee 3HaMO po6eMoi. 

B TOM CBeTe BC~ 6OIIIIe BHMMaHHI IIpHBIeKaeT CHHTe3 6Iopa3IaraeMIX aHaJ1OTOB 

CyIIIeCTBVIOIIIHX IIOJIMMeDOB, HaIIDHMeD IIOJIHMOJIOHHOf KHCJIOTI. OJMH H3 BapaHTOB e~ 

CMHTe3a HaTpeBaHHe JIaKTHJIa B IIDHCVTCTBHH KaTaJIH3aTOpa, COeIHHeHH X. IHoyaoT X 

B3aMMOIIeiCTBIeM OKCHJIa HeKOTOpOrO MeTa1Ia (0o = 1 1 , 8 8  %) C BeIIIeCTBOM E. Ero 

IIDOH3BOJICTBO B IIDOMIIIIJIeHHOCTH OCVIIIeCTBJIHeTCH IIO CXeMe, IIpHBeIeHHOf HKe. 

COeIMHeHHe B MOKHO IIOJIVHHT JIBVMH aJITeDHaTHBHIMI CIIOCO6aMH: 3 yrIeBOJIOpOIIa A 

HJIH H3 VKCyCHOTO aIBIICTHJIa. BTOpO MeTOJI BKIOHaeT CaMOKOHJIHCaIIHO aIIeTaJIBJIeTHJIa IIOJI 

IIeiCTBIeM OCHOBaHH 3a CHeT C-H KICIOTHOCTH O-IIOJIOKeHMH OTHOCHTOJIBHO Kap6OHHIHOi 

TpyIII1BI. 

A + C O + H ,  
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1 .  IHpBeIMTe CTpyKTypHIe bOpMyJ1I COeIIHHeHH A-E. 

2. HanIre dOpMyJIy COeIHe X, OTBeT IIOIITBepIHTe paCeTaMI. 

3 .  H a m r e  pOpMyny non1Mepa, 0pa3yOIIerOCH M3 JIaKTHI1a. a CeT KaKHX CBOiiCTB X 

IIDOHBJIHeT KaTaJIHTHHeCKVO aKTHBHOCT? 

4. IHpBeIITe ypaBHeHHe DeaKIHM OKHCJIeHH D B E. 

OTBET: CTpyKTypHie bOpMyJII COeJIIHeHi A-E (no 3 6a.a1a, Bcero 1 5  6aJ1OB): 

0 
I I  

CH, C 
CH% CH, H 

B 

0 
II 

CH, CH, .€ 
CH% 7CH, C H ' O H  

2  I  

CHs 

OnpeIeJ1HM COCTaB OKCHJIa, JI1H TOTO IIpHMeM BaIeHTHOCT KHcIOpoIIa 3a 2 (0611a popMy.n1a 

MO,) H BBIpa3M eTO MaCCOByIO I1OJ10 Go = n·16/(2·M + n : 1 6 )  = 0 , 1 188 .  B1pa3HM Maccy 

MeTan1n1a epe3 erO Ba1eHTHOCT M = 59,34·n (1r/MO1). Hepe6pa BaneTHOCT, IIOJIVHMM, HTO 

M Sn, O10BO (3 6a11a, ~e3 nepeopa I 6at). Torp1a popMyna COeHe X ­ 

0 

{r 
Sn(CH5COO) (1 6a211). OpMyIa IO1IMOJIOHHOi1 KHC1OT CHa (1 6a1a1). OKTOaT 

E 



OJ1OBa, X, IDOBJIHeT KaTaIHTHHeCKVIO aKTHBHOCT 3a CeT TOTO, HTO HBJIHeTC KHCIOTOi 

JJoHca (2 6a11a). PeaKLIIH OKHCJIeHH D: 

3CHi«CHO + KCr07 + 4HS0, = 3C+HsCOH + KSO, + Cr(SO) + 4H0 (3 6a.21.a). 
(25 6a.1.10B) 

6. B Mo1eKyIe reKcaocoIpocdopoi (pocpOpHoBaToi) KICJIOTI aTOM pocdopa 

HeIIOCDeICTBeHHO CB3aHI JIDVT C JIpVTOM, B OTJIHHHe OT IIOJIHbOCpOpHBIX KHCJIOT. C IOMOIIIO 
CTpyKTyDHIX pOpMy1 IIOKaKTe OTJIHHHH CTDOeHH pOCdOpHOBaTOi M IIOJIMbOCpOpHBIX 
KHCJIOT. KOHCTaHTI MOH3aLIHM bOCdOpHOBaTO KMCJIOTI COCTaBJIOT: K = 6 , 3 1 0 ;  K  =  
1 , 6 1 0 ;  K% = 5 , 4 1 0 ;  K =  9,310'' .  JI1» BOIIHOTO pacTBOpa pocbopHoBaToif KIe10TI ( C =  
0,I Mo1/IM; pH(pacTBopa) = 4,00) paccraire paBHOBeCHBIe KOHIIeHTDaLIHH BCeX HaCTHLI, 
COIIepKaIIMX KHCJIOTHIM OCTaTOK pOCbOpHOBaTOi KHCJIOTBI. BO3MOKHIM Da3J1OKeHHeM 
KHCJIOTI peHeOpe. 
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cB35 P-O-P (3 6aaaa). PocpopHoBaTan HO OH cB3 P-P (3 6a..a). 

HPO% = H»PO% +H' K =[HP»OG][H'/[HPO%] = 6 .310() (1 6a.1.1) 
HPO¢ = HPO + H  K,= [HP»O [HJ/[HP06] = 1 .610(2)  (1 6a.1.) 
H»PO¢ = HPO' + H K, = [HP»O ][HJ/[HPO] = 5 .410(3)  (1 6a.1.) 

HPO' = PO + H' K, =[PO"][H'/[HPO] =9 .310!(4)  (1 6a.1.1) 
C=[HPO] + [HP»O] + [HPO« ] + [HPO6'] + [P0"1 (5) (1 6a.1.) 
Ha ypaBe (I) -(4) BIpaKaeM paBHOBeCHIe KOHueHTpaLIH Bcex acTMLI Hepe3 [H4PO] 
IIOIICTaBJIHeM B ypaBHeHHe (5): 
C = [H,PO%] + Kr[H,PO]/IH] + K/K[HAPO/[HP + KKK[H,PO/[H] + 
KKKK/[H,PO]/[H']' (6) (2 6a.1.1a) 
H3 ypaBHeHH (6) BIpaKaeM [HPO«] 
[HPO%] = C[HJ/[HJ' + K[H'] + KK[H'F +KKK[H] + K,KKK)(7) 02 
6a.n1.1a) 
pH = 4, cnenoBaTeHo [H'] = 110 Mon1/IT, [H]' = 110"; Kr[H] = 6,310\; 
KK[HR = 1,0110; KKK[H] = 5,4410; KKK,K, = 5,061033 
[H] +K[H] + KK[HP + KKK[HJ +KKKK, = 1,0710\ 
[HAPO] = 0,1110"/1,0710\= 9,3510 Mon/1 (2 6a.1.1a) 
BIpa3MB 1H3 ypaBHeH (1) - ( 4 )  paBHOBeCHIe KOHIeHTpa Bcex acTu epe3 [H4PO«], 
IIOIICTaBHB B ypaBHeHMe (5) BB1pa3HB [H4PO« ], n1OJ1y HHM 
[H±PO6]= CK[HJ/H]' + K[H'] + KK[H' + KKK[H']+ KKKK,)= 
0,16,310/1,0710\= 5,8910 Mon/1 (2 6a.1.1a) 

AHanorMo [H»PO¢]= CKK[HI(H]' + K[H] + KK[H'] + KKK[HJ 
+KKKK) =0,11,0110/1,0710=9,4410 Mon1/n (2 6a.1.1a) 

[HPO6] = CK KK[HJ/(H']' + K[H] + KK[H' + KKK[H] + 
KKK+K) =0,15,4410/1,0710= 5,0810 Mon/1 (2 6a.1.a1a) 

[PO'] = CK KKK/[H]' + K[HP + KK[H'} + KKK[H] + 
KKK+K) =0,15,0610/1,0710= 4,7310' Mon/a1 (2 6a.1.a1a) 
(25 6a.110B) 


