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Balance the following reactions using the Half-Reaction
technique. Refer to the instructions and the example of the
permanganate-oxalate reaction.

1) Fe® + |- - Fez + 1,
1'x 21 S 1, + 2e
2 x  Fe* + 1le - Fe®*

2Fe3* + 21 - 2Fe? + 1,
2) Cl 2 + BI'_ o Br2 + Cl .
1 x 2Br- - Br, + 2e°
1 x Cl, + 2e° - 2Cl-

Cl, + 2Br- - Br, + 2CI-

3) Zn + Hg,”* - Zn* + Hg
1 x Zn - Zn* + 2e-
1 x 2e- + Hg,> - 2Hg
Zn + Hg,>” - Zn* + 2Hg
4) | - + CIlO, + H - 1, + CIOy + H,O
1'x 2 + ClO; + 2H* - Cloy + HO
1 x 2| - - 1, + 2e°
210+ Clo, + 2H oo, + ClOg + HO0
5) Cu + NOy + H - Cu¥ + NGO + HO
1 x Cu - Cu¥ + 2e
1 x 2e + NO + 2H" - NO° + HO

Cu + NQ + 2H L C®¥ + NOQ + HO

6) H,S + Cr,0? + H - Cr¥* + S + H,0
8 x 6e  + Cr, 0> + 14H* - 2Cr** + T7H,0
3 X 8H.S - S + 16H" + 16e-

24H,S + 8Cr,0% + B64H* - 16Cr3 + 35S, + 56H,0
7) MnQO, + C04, + OH - MnQ + CQ* + H,O
2 X MnQ, + 3e- + 2H,0 - MnQ + 40H
3 x C,0O* + 40H v {e{o + 2H,0 + 2€

2MnQ- + 3C,0% + 40H - 2MnQ + 6CO* + 2H,0
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Balance the following in acid solution. (To balance the oxygen,
add H*s to one side of the reaction and H ,Os to the other side.)

8) MnO,” + NQ - M + N%‘
2% MnQ~ + 5e” + 8H' - Mnr*  + 4H,0
5x H,O + NO - 2H' + NQ~- + 2e-
6H" + 2MnQ~ + B5NO- - 2Mr?* +  5NO” + 3H,0
9) Cu + NO; - NO + Cd'
2x 4H* + 3e- + NQ~ - NO + 2HO
3x Cu - Cu¥  + 2e-
3Cu + 2NQO~ + 8H" - 2NO + 3Cu' + 4H,0
100 Fe?®* + Cr* . Cr, 0~ + Fe?
6% le- + Fe® Fe®*
1x 7H,O + 2Cr* - Cr,02 + 6e” +  14H
6Fes* + 7H,0 + 2Cr* - Cr,0* + 6Fe?+ 14H*
11)  MnO, + HO - M + HO
5x 2H,0 - HO + 2e- + 2H'
2x MnQ- + be- + 8H' - M+ 4H,0
2MnQ~ + 2H,0 + ©6H -  2Mr¢* + B5H,G,
12) AuCl ,° + Hg - Au + HgCl, + CI-
2% AuCl ,~ + 3e- - Au + 4Cl-
3x 2CIl - + 2Hg - Hqg,Cl, + 2e”
2AuCl,~ + 6Hg - 2Au + 3Hg,Cl, + 2CI-
13) NO,~ + SO - SO* + NO
2x NO~ + 3e- + 4H° - 2H,0 + NO
3x 2H,0 + SQ - SO* + 2e- + 4H*
2H,O + 2NQ + 3SO, - 3S0O~ + 2NO + 4H
14) N,H* + SbCl, - SbCl 4 + NH?*
(Hint: Cl " is also present.)
1x 2Cl - + SbCl - SbCl 4 + 2e”
1x N.H™ + 3H' + 2e” - 2NH,"
3H* + 2CI- + NH" + SbCl,” - SbCl g4~ + 2NH,*
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Balance the following in basic solution. (To balance the oxygen,

add OHs to one side of the reaction and H ,Os to the other side.)
15)  Sn(OH) ;- + BIi(OH) ; - Sn(OH)* + Bi

2% e~ + BI(OH) ; - Bi + 30H"

3x Sn(OH) 4~ + 30H - Sn(OH)* + 2e-

3Sn(OH) ;. _ + 2Bi(OH) 5 + 30H- 3Sn(OH) &+ 2Bi

16) NO, - NQ + NO°
1x 20H + NQ - NQ + 1e- + HO
1x le” + NO -  NOZ

2NQ + 20H - NOQ° + NOQ + H,O

17) MnO,~ + NQO~ - MnQ + NQ
3x 20H + NO° - NQ° + 2e- + HO
2% MnQ~ + 3e- + 2HO0 - MnQ + 40H
2MnQ~ + 3NO~ + HO - MnQ + NQO° + 20H

18) N,H, + Cu(OH),

- + Cu
1x N,H, + 40H - N,

N,
+ 4H,0 + 4e
Cu + 20H
N, + 2Cu + 4H,0

2% 2e” + Cu(OH),
N,H, + 2Cu(OH),

19) Al + H 0 - Al(OH) & + H,
2x Al + 60H- - AI(OH) * + 3e-
3x -6~ + 2HO0 - H + 20H
3Al + 60H- + 6H,0 - 2AI(OH) ¢ + 3H,

200 CrOH) , + HO - Cro? + HO

3x 2H,0' + 2¢  + HO - 2H0 + 20H

2% Cr(OH) , + 50H - CrQo* + 4H,0 + 3e
2Cr(OH) , + 3H,0, + 40H - 2Cr0Z + 8H,0

21) Zn + CrO > - [zZn(OH) ,]*= + Cr(OH),

3x Zn + 40H - [Zn(OH) ,]* + 2e-

2x 3e" + Cro,~ + 44,0 - Cr(OH), + 50H

3Zn + 2Cr0,> + 20H + 8H,0 - 3[Zn(OH) ,]* +2Cr(OH) ,



