


Atom, Molecules & Stoichiometry - 1 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟏 

(𝑎)      (𝑖)      𝑛𝑁𝑎𝐶/𝑂3
=

106

23 + 35.5 + 3(16)
= 9390 𝑚𝑜𝑙

𝑛𝑒− = 6 × 𝑛𝐶/𝑂3
− = 56340 × 109𝐶

𝑄 = 𝑛𝑒− × 𝐹 = 56340 × 96500 = 5.437 × 109𝐶

𝐼 =
𝑄

𝑡
= =  

5.437×109

24×60×60
= 6.29 × 104𝐴

(𝑖𝑖)   𝑛𝐻2
= 3 × 𝑛𝑁𝑎𝐶/𝑂3

 3 × 9390 = 28170 𝑚𝑜𝑙

𝑉𝐻2
= 𝑛𝐻2

× 24𝑑𝑚3 = 28170 × 24 = 6.76 × 105𝑑𝑚3

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟐 

(𝑐)    (𝑖)     6𝐹𝑒2+ + 𝐶𝑟2𝑂7
2− + 14𝐻+ ⟶   6𝐹𝑒3+ + 2𝐶𝑟3+ + 7𝐻2𝑂

 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑: 𝑑𝑖𝑙𝑢𝑡𝑒 𝑠𝑢𝑙𝑝ℎ𝑢𝑟𝑖𝑐 𝑎𝑐𝑖𝑑 

 𝑔𝑟𝑖𝑛𝑑 𝑡ℎ𝑒 𝑡𝑎𝑏𝑙𝑒𝑡𝑠 𝑖𝑛𝑡𝑜 𝑝𝑜𝑤𝑑𝑤𝑟. 𝑊𝑒𝑖𝑔ℎ 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑛𝑑 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒 

 𝑓𝑙𝑎𝑠𝑘. 

𝑃𝑖𝑝𝑒𝑡𝑡𝑒 25.0𝑐𝑚3 𝑜𝑓 𝑡ℎ𝑒 𝐹𝑒𝑆𝑂4 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑜 𝑎 𝑐𝑜𝑛𝑖𝑐𝑎𝑙 𝑓𝑙𝑎𝑠𝑘.

𝐴𝑑𝑑 𝑖𝑛 𝑠𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (𝑠𝑎𝑦 10𝑐𝑚3)𝑜𝑓 𝑑𝑖𝑙𝑢𝑡𝑒 𝐻2𝑆𝑂4 𝑢𝑠𝑖𝑛𝑔 𝑎 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟.

 𝐴𝑑𝑑 𝑖𝑛 𝑎 𝑓𝑒𝑤 𝑑𝑟𝑜𝑝𝑠 𝑜𝑓 𝑓𝑒𝑟𝑟𝑜𝑖𝑛 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟. 𝑇ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑠ℎ𝑜𝑢𝑙𝑑 𝑎𝑝𝑝𝑒𝑟𝑎 𝑜𝑟 − 

 𝑎𝑛𝑔𝑒 − 𝑟𝑒𝑑. 

  𝑇𝑖𝑡𝑟𝑎𝑡𝑒 𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝐾2𝐶𝑟2𝑂7 𝑓𝑟𝑜𝑚 𝑎 𝑏𝑢𝑟𝑒𝑡𝑡𝑒 𝑢𝑛𝑡𝑖𝑙 𝑡ℎ𝑒 𝑐𝑜𝑙𝑜𝑢𝑟 𝑜𝑓 𝑡ℎ𝑒 

 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑡𝑢𝑟𝑛𝑠 𝑔𝑟𝑒𝑒𝑛𝑖𝑠ℎ − 𝑏𝑙𝑢𝑒. 

  𝐹𝑟𝑜𝑚 𝑡ℎ𝑒 𝑡𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑤𝑒 𝑐𝑎𝑛 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒 𝑡ℎ𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐹𝑒2+ 𝑖𝑛 𝑡ℎ𝑒 

       𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑎𝑐𝑡𝑢𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝐹𝑒𝑆𝑂4𝑐𝑎𝑛 𝑡ℎ𝑒𝑛 𝑏𝑒 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑. 

(𝑖𝑖)     𝑛𝐶𝑟2𝑂7
2− = 0.025 ×

10.50

1000

 = 2.625 × 10−4𝑚𝑜𝑙 
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𝑛𝐹𝑒2+ = 6 × 𝑛𝐶𝑟2𝑂7
2−

= 1.575 × 10−3𝑚𝑜𝑙 = 𝑛𝐹𝑒

 𝑚𝐹𝑒 = 𝑛𝐹𝑒 × 55.8 

 = 8.79 × 10−2𝑔 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟑 

(𝑐)       (𝑖)        𝐼𝑡 𝑖𝑠 𝑎 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒 𝑡ℎ𝑎𝑡 𝑠𝑝𝑒𝑒𝑑𝑠 𝑢𝑝 𝑎 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑖𝑜 𝑏𝑦 𝑙𝑜𝑤𝑒𝑟𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑏𝑒𝑖𝑛𝑔 𝑢𝑠𝑒𝑑 𝑢𝑝 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠. 

(𝑖𝑖) 2𝐻2𝑂2(𝑎𝑞) ⟶  𝐻2𝑂(𝑙) + 𝑂2(𝑔) 

(𝑏)      (𝑖)  𝐴𝑙𝑘𝑎𝑛𝑒𝑠 

(𝑖𝑖)   𝐶15𝐻32 𝑛𝑒𝑒𝑑𝑠 23 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑜𝑥𝑦𝑔𝑒𝑛 𝑓𝑜𝑟 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛. 

2 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻2𝑂2𝑐𝑎𝑛 𝑝𝑟𝑜𝑣𝑖𝑑𝑒 1 𝑚𝑜𝑙𝑒 𝑜𝑓𝑂2.  

𝑆𝑜 𝑜𝑛𝑒 𝑚𝑜𝑙𝑒 𝑜𝑓 𝐶15𝐻32 𝑛𝑒𝑒𝑑𝑠 16 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2𝑂2  

(𝑐)      (𝑖)  𝐶15𝐻32 = 212 

𝑛(𝐶15𝐻32) =
212×106

212

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙 𝑓𝑢𝑒𝑙 = 1 × 108𝑚𝑜𝑙𝑒 

(𝑖𝑖) (𝐻2𝑂2) 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 46 × 106𝑚𝑜𝑙𝑒

𝑚𝑎𝑠𝑠 𝑜𝑓 𝐻2𝑂2 = 34 × 46 × 106

 = 1.564 × 109 = 1564 𝑡𝑜𝑛𝑛𝑒𝑠  (𝑑) 𝑇ℎ𝑒 𝑒𝑥𝑎𝑢𝑠𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 

 𝐻2𝑎𝑛𝑑𝐻2, 𝑏𝑜𝑡ℎ 𝑎𝑟𝑒 

(𝑑) 𝑇ℎ𝑒𝑦 𝑤𝑜𝑢𝑙𝑑 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒.  𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟. 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟒 

(𝑎)       𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑙𝑝ℎ𝑎𝑡𝑒𝑠 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑑𝑜𝑤𝑛 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝. 𝐴𝑠 𝑡ℎ𝑒 𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑐 𝑠𝑖𝑧𝑒 

𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑑𝑜𝑤𝑛 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑏𝑜𝑡ℎ 𝑙𝑎𝑡𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑛𝑑 ℎ𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛  

𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒. 𝑇ℎ𝑒 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 ℎ𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑠 𝑚𝑜𝑟𝑒 𝑡ℎ𝑎𝑛 𝑡ℎ𝑒  

𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑙𝑎𝑡𝑡𝑖𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦. 
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(𝑐)      (𝑖)      𝑛(𝐶𝑂) =
𝑃𝑉

𝑅𝑇
=  

(1.01×105)(140×10−3)

8.31×450
= 3.78 𝑚𝑜𝑙𝑒𝑠 

(𝑖𝑖)     𝑛(𝐵𝑎𝑆𝑂4) =  
𝑛(𝐶𝑂)

4
=

3.78

4
= 0.945 𝑚𝑜𝑙𝑒𝑠 

(𝑖𝑖𝑖)    𝑀𝑟(𝐵𝑎𝑆𝑂4) = 137 + 32 + (16 × 4) = 233 

 𝑚𝑎𝑠𝑠 𝑜𝑓 𝐵𝑎𝑆𝑂4 = 0.945 × 233 = 220.2𝑔 

% 𝑜𝑓 𝐵𝑎𝑆𝑂4 𝑖𝑛 𝑜𝑟𝑒 =
220.2

250
× 100 = 88.1% 

(𝑐)      (𝑖) 

∆𝐻𝑎𝑡𝑜𝑚(𝐵𝑎)
Θ + ∆𝐻𝐼𝐸1𝑠𝑡 & 2𝑛𝑑 𝐵𝑎 (𝑔)

Θ + ∆𝐻𝑎𝑡𝑜𝑚(𝑆)
Θ + ∆𝐻𝐸𝐴 1𝑠𝑡(𝑆)

Θ + ∆𝐻𝐸𝐴 2𝑛𝑑(𝑆)
Θ + ∆𝐻𝐿𝐸 (𝐵𝑎𝑆)

Θ = ∆𝐻𝑓 (𝐵𝑎𝑆(𝑠))
Θ

180 + 1468 + 279 + 640 − 200 + 𝐿𝑎𝑡𝑡𝑖𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 = −460 

   2367 + 𝐿𝑎𝑡𝑡𝑖𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦  = −460 

BaS(s) 

2nd IE of 

molecular +640 

KJ 𝑚𝑜𝑙−1 

-200 KJ 𝑚𝑜𝑙−1

𝐵𝑎2+ (g) + 𝑆−(g)

Lattice energy 

1st IE of 
Of sulphur 

𝐵𝑎2+ (g) + S (g) 

-200 KJ 𝑚𝑜𝑙−1

1st & 2nd IE of 

barium 

𝐵𝑎2+ (g) + S (s) 

𝐵𝑎2+ (g) + S (s) 

𝐵𝑎2+ (g) + S (s) 

+1468KJ 𝑚𝑜𝑙−1

Heat of 

atomization of 

Barium 

Heat of 

formation of 

Bas 

+180 KJ 𝑚𝑜𝑙−1

-460 KJ 𝑚𝑜𝑙−1
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       𝐿𝑎𝑡𝑡𝑖𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 = 02827 𝐾𝐽𝑚𝑜𝑙−1 

(𝑖𝑖)  𝐿𝑎𝑡𝑡𝑖𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝐵𝑎𝑆 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 𝐵𝑎𝑂, 𝑠𝑖𝑛𝑐𝑒 𝑡ℎ𝑒 𝑠𝑖𝑧𝑒 𝑜𝑓 

𝑆2− 𝑖𝑜𝑛 𝑖𝑠 𝑏𝑖𝑔𝑔𝑒𝑟 𝑡ℎ𝑎𝑛 𝑂2− 𝑖𝑜𝑛.   

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟓 

(𝑎)       𝑇ℎ𝑒 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑒𝑠 𝑡ℎ𝑒 𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑡𝑜𝑚𝑠 𝑜𝑓 𝑒𝑎𝑐ℎ 

𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝑜𝑛𝑒 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 𝑜𝑓 𝑎 𝑐𝑜𝑚𝑜𝑝𝑜𝑢𝑛𝑑.  

(𝑏) 𝐶𝑥𝐻𝑦 + (𝑥 +
𝑦

4
) 𝑄2 ⟶ 𝑥𝐶𝑂2 +

𝑦

2
𝐻2𝑂 

(𝑐)      (𝑖)  𝑂𝑥𝑦𝑔𝑒𝑛 𝑔𝑎𝑠 (𝑂2) 

(𝑖𝑖) 𝐶𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 𝑔𝑎𝑠 (𝐶𝑂2) 

(𝑖𝑖𝑖) 10𝑐𝑚3 

(𝑖𝑣) 20𝑐𝑚3 

(𝑑) 𝐶𝑥𝐻𝑦 + (𝑥 +
𝑦

4
) 𝑂2 ⟶  𝑥𝐶𝑂2 +

𝑦

2
𝐻2𝑂                 

10𝑐𝑚3   20𝑐𝑚3         ⟶   10𝑐𝑚3     

1𝑚𝑜𝑙 𝑜𝑓𝐶𝑥𝐻𝑦 𝑔𝑖𝑣𝑒𝑠 1𝑚𝑜𝑙 𝑜𝑓 𝐶𝑂2 , ℎ𝑒𝑛𝑐𝑒 

𝑥 = 1      

1𝑚𝑜𝑙 𝑜𝑓𝐶𝑥𝐻𝑦  𝑟𝑒𝑎𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 2 𝑚𝑜𝑙 𝑜𝑓 𝑂2𝑜𝑟 (𝑥 +
𝑦

4
) = 2, ℎ𝑒𝑛𝑐𝑒 𝑦 = 4 

∴   𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑜𝑓 𝐴 = 𝐶𝐻4 (𝐶𝐻4 + 2𝑂2 ⟶ 𝐶𝑂2 + 2𝐻2𝑂 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟔 

(𝑎) 𝐾𝑐 =
[𝐶𝐻3𝐶𝑂2𝑅][𝐻2𝑂]

[𝐶𝐻3𝐶𝑂2𝑅][𝑅𝑂𝐻]
,  𝑛𝑜 𝑢𝑛𝑖𝑡𝑠 

(𝑏) (𝑖)   𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑂𝐻 = 𝐶𝑜𝑛𝑒. 𝑜𝑓 𝑁𝑎𝑂𝐻 × 𝑉𝑜𝑙𝑢𝑚𝑒 

𝑜𝑓 𝑁𝑎𝑂𝐻 (𝑖𝑛𝑑𝑚3) 

2.00 ×
22.5

1000
= 0.045 𝑚𝑜𝑙𝑒𝑠 

(𝑖𝑖)  𝑁𝑎𝑂𝐻 𝑖𝑠 𝑎 𝑚𝑜𝑛𝑜𝑎𝑐𝑖𝑑𝑖𝑐 𝑏𝑎𝑠𝑒, 𝐻𝐶𝑙 𝑖𝑠 𝑎 𝑚𝑜𝑛𝑜𝑏𝑎𝑠𝑖𝑐 𝑎𝑐𝑖𝑑. 

 𝐻𝑒𝑛𝑐𝑒, 

(d) For gaseous hydrocarbons their number

of moles are directly proportional to their 

volumes V∝n, hence their volumes are 

directly ratioed as their moles. 

(c) (i)  𝑆2− ion being larger in size than 𝑂2−

ion, its charge density will be less than that 

of 𝑂2− ion, therefore LE of BaS will be less 

than BaO. 

(c) 

𝐾𝑐 =
[𝐶𝐻3𝐶𝑂2𝑅][𝐻2𝑂]

[𝐶𝐻3𝐶𝑂2𝑅][𝑅𝑂𝐻]

𝑢𝑛𝑖𝑡𝑠: 
[𝑚𝑜𝑙/𝑑𝑚3][𝑚𝑜𝑙/𝑑𝑚3]

[𝑚𝑜𝑙/𝑑𝑚3][𝑚𝑜𝑙/𝑑𝑚3]

= 1 

Therefore no units. 
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𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑂𝐻 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝐻𝐶𝑙 = 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻𝐶𝑙 = 0.005 𝑚𝑜𝑙𝑒𝑠. 

(𝑖𝑖𝑖)  𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝑁𝑎𝑂𝐻 ⟶  𝐶𝐻3𝐶𝑂𝑂𝑁𝑎 + 𝐻2𝑂 

(𝑖𝑣)  𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑂𝐻 𝑡ℎ𝑎𝑡 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑒𝑡ℎ𝑜𝑛𝑜𝑖𝑐 𝑎𝑐𝑖𝑑 

 = 𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑂𝐻 𝑢𝑠𝑒𝑑 𝑖𝑛 𝑡𝑖𝑡𝑟𝑎𝑡𝑖𝑜𝑛 − 𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑂𝐻 𝑡ℎ𝑎𝑡 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 

 𝑤𝑖𝑡ℎ 𝐻𝐶𝑙 

 = 0.045 − 0.005 = 0.04 𝑚𝑜𝑙𝑒𝑠 

(𝑐) (𝑖) 𝐹𝑟𝑜𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑝𝑎𝑟𝑡 (𝑏)(𝑖𝑖𝑖), 

 𝑁𝑎𝑂𝐻 𝑎𝑛𝑑 𝑒𝑡ℎ𝑎𝑛𝑜𝑖𝑐 𝑎𝑐𝑖𝑑 𝑎𝑟𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑛𝑔 𝑖𝑛 𝑟𝑎𝑡𝑖𝑜 1: 1 

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑎𝑛𝑠𝑤𝑒𝑟 𝑓𝑟𝑜𝑚 𝑝𝑎𝑟𝑡 (𝑏)(𝑖𝑣), 𝑤𝑒 ℎ𝑎𝑣𝑒, 

(𝑖)   𝐾𝑐 =
[𝐶𝐻3𝐶𝑂2𝑅][𝐻2𝑂]

[𝐶𝐻3𝐶𝑂2𝑅][𝑅𝑂𝐻]
=

0.06×0.06

0.04×0.04
= 2.25 

(𝑑)      𝑇ℎ𝑒 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑁𝑎𝑂𝐻 𝑎𝑛𝑑 𝑎𝑛 𝑒𝑠𝑡𝑒𝑟 

      𝑖𝑠 ℎ𝑖𝑔ℎ. 𝑇ℎ𝑢𝑠 𝑁𝑎𝑂𝐻 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑟𝑒𝑎𝑐𝑡 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑒𝑠𝑡𝑒𝑟. 

(𝑒)       𝐴𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝐿𝑒 𝐶ℎ𝑎𝑡𝑒𝑙𝑖𝑒𝑟′𝑠𝑝𝑟𝑖𝑐𝑖𝑝𝑙𝑒, 𝑡𝑜 𝑟𝑒𝑠𝑡𝑜𝑟𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑜 𝑒𝑞𝑢𝑎𝑙𝑖𝑏𝑟𝑖𝑢𝑚, 𝑡ℎ𝑎𝑡 

 𝑠𝑖𝑑𝑒 𝑜𝑓𝑡ℎ𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑜𝑢𝑙𝑑 𝑏𝑒 𝑓𝑎𝑣𝑜𝑢𝑟𝑒𝑑 𝑤ℎ𝑖𝑐ℎ 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑠 𝑚𝑜𝑟𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟. 

  𝐻𝑒𝑛𝑐𝑒 𝑡ℎ𝑒 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 𝑤𝑖𝑙𝑙 𝑠ℎ𝑖𝑓𝑡 𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡𝑦 ℎ𝑎𝑛𝑑 𝑠𝑖𝑑𝑒 𝑎𝑛𝑑 𝑚𝑜𝑟𝑒 𝑒𝑠𝑡𝑒𝑟 

 𝑤𝑜𝑢𝑙𝑑 𝑏𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑. 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟕 

(𝑐)      (𝑖)  𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 0.352 𝑔 𝑜𝑓 𝐶𝑂2 

=
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑖𝑛𝐶𝑂2

𝑀𝑟𝑜𝑓𝐶𝑂2
× (𝑚𝑎𝑠𝑠 𝑜𝑓 𝐶𝑂2 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑) 

 =
12

12+(16×2)
× 0.352 = 0.096𝑔 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 𝐴 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑖𝑛 𝐴

𝐴 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛

𝐶𝐻3𝐶𝑂2𝐻 𝑅𝑂𝐻 𝐶𝐻3𝐶𝑂2𝑅 𝐻2𝑂 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙  
𝑎𝑚𝑜𝑢𝑛𝑡/ 𝑚𝑜𝑙 

0.10 0.10 0 0 

𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚  
𝑎𝑚𝑜𝑢𝑛𝑡/𝑚𝑜𝑙 

0.04 0.04 0.06 0.06 

(c) (i) Moles of ROH (where R
is Na in this case) and 𝐶𝐻3𝐶𝑂2𝐻

and
at equilibrium are 0.04. Therefore 
moles  

𝐶𝐻3𝐶𝑂2𝑅 and 𝐻2𝑂 are 0.1 – 0.04

= 0.06 mol.
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=
0.096

12
= 0.008 𝑚𝑜𝑙𝑒𝑠 

(𝑖𝑖)  𝑀𝑎𝑠𝑠 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 0.144𝑔 𝑜𝑓 𝐻2𝑂 

=
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑖𝑛 𝐻2𝑂

𝑀𝑟𝑜𝑓𝐻2𝑂
× 𝑚𝑎𝑠𝑠 𝑜𝑓 𝐻2𝑂 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 

 =
2×1

(1×2)+16
× 0.144 = 0.016𝑔 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑝𝑟𝑠𝑒𝑛𝑡 𝑖𝑛 𝐴 =  
𝑚𝑎𝑠𝑠 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑖𝑛 𝐴

𝐴𝑟

=
0.016

1
= 0.016 𝑚𝑜𝑙𝑒𝑠 

(𝑖𝑖𝑖)  𝑚𝑎𝑠𝑠 𝑜𝑓 𝐴 = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑥𝑦𝑔𝑒𝑛 𝑖𝑛 𝐴 + 𝑚𝑎𝑠𝑠 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑖𝑛 𝐴 

+ 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑖𝑛 𝐴

  ⟹   0.240 = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑥𝑦𝑔𝑒𝑛 𝑖𝑛 𝐴 + 0.016 + 0.096 

 ⟹    𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑥𝑦𝑔𝑒𝑛 𝑖𝑛 𝐴 = 0.240 −  0.016 − 0.096 

 = 0.128 𝑔 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑥𝑦𝑔𝑒𝑛  𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 𝐴 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑥𝑦𝑔𝑒𝑛 𝑖𝑛 𝐴

𝐴𝑟𝑜𝑥 𝑜𝑥𝑦𝑔𝑒𝑛

=
0.128

16
= 0.008 𝑚𝑜𝑙𝑒𝑠 

(𝑏)  𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛, ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛, 𝑎𝑛𝑑 𝑜𝑥𝑦𝑔𝑒𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 𝐴 

       ∴ 𝐸𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑜𝑓 𝐴 = 𝐶𝐻2𝑂 

(𝑐) (𝑖)   𝑝𝑉 = 𝑛𝑅𝑇 

⟹   𝑝𝑉 = (
𝑚

𝑀𝑟
) 𝑅𝑇 (𝑠𝑖𝑛𝑒𝑠 𝑛 =

𝑚

𝑀𝑟
) 

⟹    𝑀𝑟 =
𝑚𝑅𝑇

𝑝𝑉

 =
(0.148)(8.31)(273+60)

(101×109)(67.7×10−3)

𝐸𝑙𝑒𝑚𝑒𝑛𝑡 𝐶 𝐻 𝑂 
𝑁𝑜. 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 0.008 0.016 0.008 
𝑠𝑖𝑚𝑝𝑙𝑒 𝑟𝑎𝑡𝑖𝑜 0.008

0.008

0.016

0.008

0.008

0.008

1 2 1 
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    = 59.896 ≈ 58.9 

 (𝑖𝑖)  𝑛 =
𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠

𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑚𝑎𝑠𝑠
 

             =
59.896

12+2+16
 

  =
59.896

30
= 1.996 ≈ 2 

            ∴   𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑜𝑓 𝐴 = 𝐶𝑛𝐻2𝑛𝑂𝑛 

                = 𝐶2𝐻4𝑂2 

 

 (𝑑) 

 

 

 

 

 

(𝑒)  𝑇ℎ𝑒 𝑜𝑛𝑙𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝑎𝑟𝑒 𝑐𝑜𝑝𝑝𝑒𝑟 𝑎𝑛𝑑 𝑡𝑤𝑜 𝑜𝑥𝑖𝑑𝑒𝑠, 𝐻2𝑂 𝑎𝑛𝑑 𝐶𝑂2 

        𝐻𝑒𝑛𝑐𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐴 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑠 𝑜𝑛𝑙𝑦 𝑐𝑎𝑟𝑏𝑜𝑛, ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑎𝑛𝑑 𝑜𝑥𝑦𝑔𝑒𝑛. 

 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟖 

(𝑐)      𝑍𝑛𝐶𝑂3 𝑎𝑛𝑑 𝑍𝑛(𝑂𝐻)2 

(𝑏)      (𝑖)  𝑇ℎ𝑖𝑠 𝑑𝑜𝑛𝑒 𝑡𝑜 𝑒𝑛𝑠𝑢𝑟𝑒 𝑡ℎ𝑎𝑡 𝑎𝑙𝑙 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑎𝑡𝑒𝑟 𝑜𝑓  

                   𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑤𝑎 𝑑𝑟𝑖𝑣𝑒𝑛 𝑜𝑓𝑓 𝑎𝑛𝑑 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

                   𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑢𝑏𝑒 𝑎𝑛𝑑 𝑠𝑎𝑙𝑡 𝑤𝑎𝑠 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑.  

            (𝑖𝑖)  𝑚𝑎𝑠𝑠 𝑜𝑓 𝑍𝑛𝑆𝑂4 = 76.34 − 74.25 = 2.09𝑔 

                     𝑀𝑟  𝑜𝑓  𝑍𝑛𝑆𝑂4 = 65.4 + 32.1 + (4 × 16.0) = 161.5 

                    ∴       𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑎𝑛ℎ𝑦𝑑𝑟𝑜𝑢𝑠  𝑍𝑛𝑆𝑂4 +
2.09

161.5
 

                                                                                                           0.01294 ≈ 1.29 × 10−2𝑚𝑜𝑙𝑒𝑠. 

             (𝑖𝑖𝑖)  𝑚𝑎𝑠𝑠 𝑜𝑓 𝐻2𝑂 𝑑𝑟𝑖𝑣𝑒𝑛 𝑜𝑓𝑓 = 77.97 − 76.34 = 1.63𝑔 
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 𝑀𝑟𝑜𝑓 𝐻2𝑂 = (1 × 2) + 16 = 18 

∴    𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻2𝑂 𝑑𝑟𝑖𝑣𝑒𝑛 𝑜𝑓𝑓 =  
1.63

18

= 0.09055 ≈ 9.1 × 10−2 

(𝑖𝑣)   𝑖𝑛 1.29 × 10−2 𝑚𝑜𝑙 𝑜𝑓 𝑍𝑛𝑆𝑂4, 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒 𝑜𝑓 𝑜𝑓 𝐻2𝑂 𝑑𝑟𝑖𝑣𝑒𝑛 𝑜𝑓𝑓 = 9.1 × 10−2

𝑖𝑛 1 𝑚𝑜𝑙 𝑜𝑓 𝑍𝑛𝑆𝑂4, 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙 𝑜𝑓𝐻2𝑂 𝑑𝑟𝑖𝑣𝑒𝑛 𝑜𝑓𝑓 =
9.1×10−2

1.29×10−2

  = 7.054 ≈ 7 𝑚𝑜𝑙 

𝑇ℎ𝑢𝑠, 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑥 = 7 

(𝑐)   (𝑖)  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑧𝑖𝑛𝑐 𝑖𝑛 15 𝑚𝑔 𝑜𝑓 𝑧𝑖𝑛𝑐 =
0.015

65.4

= 2.294 × 10−4 ≈ 2.29 × 10−4𝑚𝑜𝑙. 

𝐴𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑧𝑖𝑛𝑐 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑧𝑖𝑛𝑐 𝑒𝑡ℎ𝑎𝑛𝑐𝑎𝑡𝑒,  

ℎ𝑒𝑛𝑐𝑒, 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑢𝑟𝑒 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑧𝑖𝑛𝑐 𝑒𝑡ℎ𝑎𝑛𝑐𝑎𝑡𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

= 2.29 × 10−4 × 219.4 

= 0.05024𝑔 

= 0.05𝑔 = 50𝑚𝑔 

(𝑖𝑖)  𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑞𝑢𝑒𝑜𝑢𝑠 𝑧𝑖𝑛𝑐 𝑒ℎ𝑎𝑛𝑜𝑎𝑡𝑒 = 5𝑐𝑚3 = 0.005𝑐𝑚3 

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =
2.29×10−4

0.005

 = 0.0458 = 4.58 × 10−2 𝑚𝑜𝑙/𝑑𝑚3 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟗 

(𝑏) (𝑖)   5𝐹𝑒2+ + 𝑀𝑛𝑂4
− + 8𝐻+ ⟶  𝑀𝑛2+ + 4𝐻2𝑂 + 5𝐹𝑒3+

(𝑖𝑖)  5 ∶ 1 

(𝑖𝑖𝑖)  𝑀𝑛𝑂4
− = 0.02 ×

15

1000
= 3 × 10−4𝑚𝑜𝑙.

(𝑖𝑣)  𝑁𝑢𝑚𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐹𝑒2+ = 5(3 × 10−4) = 1.5 × 10−3 𝑚𝑜𝑙. 

(𝑣)  [𝐹𝑒+2] 𝑖𝑛 𝑝𝑎𝑟𝑡𝑖𝑎𝑙𝑙𝑦 𝑢𝑠𝑒𝑑 𝑢𝑝 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =
1.5×10−3

2.5
× 1000 

  = 0.6 𝑚𝑜𝑙/𝑑𝑚3 
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(𝑐)      (𝑖)  𝐴𝑛 𝑜𝑥𝑖𝑑𝑖𝑧𝑖𝑛𝑔 𝑎𝑔𝑒𝑛𝑡 𝑖𝑠 𝑎 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒 𝑡ℎ𝑎𝑡 𝑔𝑎𝑖𝑛𝑠 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 𝑖𝑛 𝑎 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛. 

  𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑜𝑓 𝐴 = 𝐵𝑎𝐶𝑙2𝑂6 

(𝑖𝑖) 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝐵𝑎 𝐶𝑙 𝑂 
% 𝑏𝑦 𝑚𝑎𝑠𝑠 45.1 23.4 31.5 

𝐴𝑡 137 35.5 16 
𝑛𝑜 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 

=
45.1

137

23.4

35.5

31.5

16

= 0.329 0.659 1.698 
𝑆𝑖𝑚𝑝𝑙𝑒 𝑟𝑎𝑡𝑖𝑜 

=
0.329

0.329

0.659

0.329

1.698

0.329

1 2 6 
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(𝑣𝑖)  𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝐹𝑒3+𝑖𝑛 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 100𝑐𝑚3 = 1.50 ×
100

1000
= 1.15 𝑚𝑜𝑙𝑒𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐹𝑒2+ 𝑖𝑛 𝑝𝑎𝑟𝑡𝑖𝑎𝑙𝑙𝑦 𝑢𝑠𝑒𝑑 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 0.6 ×
100

1000
= 0.06 𝑚𝑜𝑙𝑒𝑠 

∴     𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐹𝑒3+ = 0.15 − 0.06 = 0.09 𝑚𝑜𝑙𝑒𝑠 

𝑠𝑖𝑛𝑐𝑒, 𝐹𝑒3+ ∶ 𝐶𝑢 ∶: 2 ∶ 1, 

∴    0.09 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐹𝑒3+ 𝑐𝑎𝑛 𝑟𝑒𝑎𝑐𝑡 𝑤𝑖𝑡ℎ 
0.09

2
= 0.045 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑢 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑜𝑝𝑝𝑒𝑟 𝑡ℎ𝑎𝑡 𝑐𝑜𝑢𝑙𝑑 𝑠𝑡𝑖𝑙𝑙𝑏𝑒 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑖𝑛 100𝐹𝑒3+ 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑎𝑙𝑙𝑦 𝑢𝑠𝑒𝑑 𝑢𝑝 

𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 0.045 × 63.5 = 2.86 𝑔 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟏𝟎 

(𝑎)     (𝑖)   𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻2𝑆𝑂4 =
25

1000
× 1.00 = 0.025 𝑚𝑜𝑙𝑒𝑠.   

(𝑖𝑖)  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑂𝐻 =
16.2

1000
× 2.00 = 0.0324 𝑚𝑜𝑙𝑒𝑠. 

(𝑖𝑖𝑖)  𝑁𝑎𝑂𝐻 𝑎𝑛𝑑 𝐻2𝑆𝑂4 𝑟𝑒𝑎𝑐𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑙𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 2 ∶ 1 

∴       𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻2𝑆𝑂4 𝑡ℎ𝑎𝑡 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 =  
0.0324

2
= 0.0162 𝑚𝑜𝑙𝑒𝑠 

(𝑖𝑣) 𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻2𝑆𝑂4 𝑡ℎ𝑎𝑡 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑁𝐻3 = 0.025 − 0.0162 

      = 0.0088 𝑚𝑜𝑙𝑒𝑠 

(𝑣)  𝑁𝐻3 𝑎𝑛𝑑 𝐻2𝑆𝑂4 𝑟𝑒𝑎𝑐𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑙𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 2 ∶ 1 

∴      𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝐻3  𝑡ℎ𝑎𝑡 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝐻2𝑆𝑂4 = 2 × 0.0088 

 = 0.0176 𝑚𝑜𝑙𝑒𝑠 

(𝑣𝑖)  𝐹𝑟𝑜𝑚 𝑔𝑖𝑣𝑒𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛, 

 3 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑁𝑂3 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 3 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝐻3   

 𝐻𝑒𝑛𝑐𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝐻3  = 0.0176 𝑚𝑜𝑙𝑒𝑠. 
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(𝑣𝑖𝑖) 𝑀𝑎𝑠𝑠 𝑜𝑓𝑁𝑎𝑁𝑂3  = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝑎𝑁𝑂3  × 𝑀𝑟 𝑜𝑓 𝑁𝑎𝑁𝑂3 

 = 0.0176 × (23 + 14 + (16 × 3))         

      = 0.0176 × 85 = 1.496𝑔 

(𝑣𝑖𝑖𝑖)  𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑏𝑦 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑁𝑎𝑁𝑂3 =
1.496

1.64
× 100

 = 91.2% 

(𝑏)  𝑁𝑎𝑁𝑂3 ∶  +5   𝑎𝑛𝑑      𝑁𝐻3 ∶   −3       

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟏𝟏 

(𝑎)   𝑇ℎ𝑒 𝑛𝑢𝑐𝑙𝑒𝑜𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑖𝑠 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑡𝑜𝑛𝑠 𝑎𝑛𝑑 𝑛𝑒𝑢𝑡𝑟𝑜𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑛𝑢𝑐𝑙𝑒𝑢𝑠 

      𝑜𝑓 𝑎𝑛 𝑎𝑡𝑜𝑚. 

(𝑏)     (𝑖) 𝑇ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑖𝑠𝑜𝑡𝑜𝑝𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑛 𝑖𝑠𝑜𝑡𝑜𝑝𝑒 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑛 𝑎𝑡𝑜𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑠𝑜𝑡𝑜𝑝𝑒 

 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 
1

12
 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎 𝑐𝑎𝑟𝑏𝑜𝑛 − 12 𝑎𝑡𝑜𝑚. 

(𝑖𝑖) 𝐿𝑒𝑡 𝑡ℎ𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 79Br 𝑏𝑒 𝑥% 

 ⟹ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 81Br = (100 − 𝑥)% 

 ∴   (78.92 ×
𝑥

100
) + (80.92 ×

100−𝑥

100
) = 79.9 

0.7892𝑥 + 80.92 − 0.8092𝑥 = 79.9 

      𝑥 = 51 

 ∴   𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑖𝑠𝑜𝑡𝑜𝑝𝑐 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 79Br = 51% 

 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑖𝑠𝑜𝑡𝑜𝑝𝑖𝑐 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 81Br = 49% 

(𝑐)  𝐸𝑙𝑒𝑚𝑒𝑛𝑡     𝐴  𝐵𝑟 

 𝑀𝑎𝑠𝑠  4.31  95.69 

 𝑀𝑜𝑙𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 
4.31

𝐴𝑟
 : 

95.69

79.9

 𝐴𝑠 𝑡ℎ𝑒 𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖𝑠 𝐴𝐵𝑟3,𝑡ℎ𝑒 𝑚𝑜𝑙𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 𝑚𝑢𝑠𝑡 𝑏𝑒 

 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 1 ∶ 3. 

4.31

𝐴𝑟
∶  

95.69

79.9
= 1: 3 

 ⟹  
4.31

𝐴𝑟
=

1

3
×

95.69

79.9
 ⟹  

4.31

𝐴𝑟
= 0.39921  ⟹ 𝐴𝑟 = 10.796 ≈ 10.8 

(c) in𝑁𝑎𝑁𝑂3 let the oxidation number of N be 

n  (+1) +n + (3× (-2)) = 0 

∴    n = + 5  

In 𝑁𝐻3 let the oxidation number of N by y 

Y + (3 × (+1)) = 0 

∴    y = -3 
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  𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟏𝟐 

(𝑎)       (𝑖)  𝑂𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑡ℎ𝑒 𝑙𝑜𝑠𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠. 𝐼𝑛 𝑡ℎ𝑒 𝑔𝑖𝑣𝑒𝑛 𝑠𝑒𝑛𝑡𝑒𝑛𝑐𝑒, 𝑡ℎ𝑒 𝑡𝑒𝑟𝑚 𝑜𝑥𝑖𝑑𝑖𝑠𝑒  

                     𝑚𝑒𝑎𝑛𝑠 𝑡ℎ𝑎𝑡 𝑒𝑡ℎ𝑎𝑛𝑒𝑑𝑖𝑜𝑎𝑡𝑒 𝑖𝑜𝑛𝑠 𝑙𝑜𝑠𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠. 

             (𝑖𝑖) 2𝑀𝑛𝑂4
-(aq) +5𝐶2𝑂4

2-(aq)+ 16
…………..

𝐻+(𝑎𝑞) →  2𝑀𝑔𝑛2+

……………
(𝑎𝑞) + 10𝐶𝑂2(𝑎𝑞) + 

                     8
…………..

𝐻2𝑂(𝐼) 

(𝑏)         (𝑖)  𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑚𝑎𝑛𝑔𝑎𝑛𝑎𝑡𝑒(𝑉𝐼𝐼) = 0.1 ×
20

1000
= 2 × 10−3 𝑚𝑜𝑙𝑒𝑠. 

              (𝑖𝑖)  𝑀𝑛𝑂4
− 𝑎𝑛𝑑 𝐶2𝑂4

2−𝑎𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑙𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 2 ∶ 5 

 ∴    𝑚𝑜𝑙𝑒𝑠  𝑜𝑓𝐶2𝑂4
2− =

5

2
 × 2 × 10−3 = 5 × 10−3 𝑚𝑜𝑙𝑒𝑠 

             (𝑖𝑖𝑖)  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 = 5 × 10−3 ×
250

25
= 0.05 𝑚𝑜𝑙𝑒𝑠 

             (𝑖𝑣)  𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑚𝑎𝑠𝑠, 𝑀𝑟 =
𝑚𝑎𝑠𝑠 𝑖𝑛 𝑔𝑟𝑎𝑚𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 
=

6.30

0.05
= 126. 

             (𝑣)  𝑀𝑟  𝑜𝑓 𝐻2𝐶2𝑂4 = 90,            𝑀𝑟  𝑜𝑓 𝐻2𝑂 = 18 

 ∴   90 + 18𝑥 = 126 

      18𝑥 = 36 ⟹   𝑥 = 2 

 

𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝟏𝟑  

(𝑏)        (𝑖)  1𝑠22𝑠22𝑝6   3𝑠23𝑝63𝑑104𝑠24𝑝65𝑠2 

              (𝑖𝑖)  𝐵𝑒𝑐𝑎𝑢𝑠𝑒 𝑠𝑡𝑟𝑜𝑛𝑡𝑖𝑢𝑚 ℎ𝑎𝑠 𝑓𝑜𝑢𝑟 𝑖𝑠𝑜𝑡𝑜𝑝𝑒𝑠. 

              (𝑖𝑖𝑖)  𝐴𝑟 = (84 ×
0.56

100
) + (86 ×

9.86

100
) + (87 ×

7

100
) + (88 ×

82.58

100
) 

                             = 0.4704 + 8.4796 + 6.09 + 72.6704 = 87.7104 ≈ 87.7 
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