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Ⅰ.Objectives 

 

 

Ⅱ.Principles 
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Ⅲ.Pre-lab Questions 
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Ⅳ.Procedures 
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Ⅴ.Data Record Tables 
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Ⅵ. Key Steps and Precautions 

1. Weigh the activated charcoal carefully, as it is easy to spill. 

2. To let the reaction among CoCl2, NH3, NH4Cl and H2O2 completely, maintain the temperature and swirl 

the Erlenmyer flask occasionally to help the reaction reach completion. 

3. Ensure that no yellow solids remain in the reaction solution before performing suction filtration 

4. Before the titration step, don’t use tap water to wash the burette. Rinse it with deionized water. 

5. Keep the Erlenmeyer flask at around 80℃, swirling it occasionally to help the reaction reach completion.   

6. When preparing the [Co(NH3)5H2O]Cl3, maintaining a low temperature is crucial. The Erlenmeyer flask 

must be kept in an ice bath at all times. 

7. When using the iodine flask, be cautious when to cover it and uncover it. 

8. Before adding the starch solution, titrate quickly and swirl gently. But titrate slowly and swirl vigorously 

after adding the starch solution to release the absorbed I2. 

 

Ⅶ.Results and Data Processing 

According to the recorded data, we can get the following tables. 

Table 1  synthesis of cobalt(III) coordination compound 

molecular formula of 

product 

NH4Cl 

/g 

CoCl2·6H2O 

/g 

NH3·H2O(concn.) 

/mL 

HCl(concn.) 

/mL 

actual output 

/g 

[Co(NH3)6]Cl3 3.99 6.02 10.0 10.0 0.43 
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theoretical output /g yield/% brief description of product 

7.02 6.1 Orange powder 

 

molecular formula of 

product 

NH4Cl 

/g 

CoCl2·6H2O 

/g 

NH3·H2O(concn.) 

/mL 

HCl(concn.) 

/mL 

actual output 

/g 

[Co(NH3)5Cl]Cl2 2.00 4.01 0  15.0 4.05 

theoretical output /g yield/% brief description of product 

4.22 96.0 Purple powder 

 

The yield of the two products is: yield([Co(NH3)6]Cl3)=
actual output

theoretical output
× 100% =

0.43

7.02
× 100% = 6.1% 

yield([Co(NH3)5Cl]Cl2)=
actual output

theoretical output
× 100% =

4.05

4.22
× 100% = 96.0% 

Table 2 determination of cobalt content in the products    

 1 2 3 

m(product)/g 0.4021 0.3986 0.4010 

V1(Na2S2O3)/mL 0.75 0.71 2.92 

V2(Na2S2O3)/mL 13.60 13.30 15.88 

V(Na2S2O3)/mL 12.85 12.59 12.96 

(Co含量)/% 18.83 18.61 19.04 

 (Co)/% 18.82 

𝑑r /%(average) 0.78 

(Co)/%(theory) 23.53 

(产品纯度)/% 79.98 

(Co含量)1=
V(Na2S2O3)∙0.1000mol/L∙Mr(Co)

m
× 100% =

12.85×10−3×0.1000×58.93

0.4021
× 100% = 18.83% 

(Co含量)2=
V(Na2S2O3)∙0.1000mol/L∙Mr(Co)

m
× 100% =

12.59×10−3×0.1000×58.93

0.3986
× 100% = 18.61% 

(Co含量)3=
V(Na2S2O3)∙0.1000mol/L∙Mr(Co)

m
× 100% =

12.96×10−3×0.1000×58.93

0.4010
× 100% = 19.04% 

 (Co)=
(Co含量)1+(Co含量)2+(Co含量)3

3
=

18.83%+18.61%+19.04%

3
= 18.82% 
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𝑑r =

∑ |𝑖 −  |3
𝑖=1

3
 

× 100% =

|18.83% − 18.82%| + |18.61% − 18.82%| + |19.04% − 18.82%|
3

18.82%
× 100%

= 0.78% 

(Co)(theory)=
M(Co)

M([Co(NH3)5Cl]Cl2)
× 100% =

58.93

250.48
× 100% = 23.53% 

(产品纯度)=
 (Co)

(Co)(theory)
× 100% = 79.98% 

Table 3 determination of the concentration of 0.1 molL−1 Na2S2O3 solution 

 1 2 3 

m(KIO3)/g 0.3060 

V1(Na2S2O3)/mL 0.40 0.90 1.10 

V2(Na2S2O3)/mL 16.40 16.80 16.80 

V(Na2S2O3)/mL 16.00 15.90 15.70 

c(Na2S2O3)/mol·L−1 0.1072 0.1079 0.1093 

c(Na2S2O3)/mol·L−1(average) 0.1081 

dr/%(average) 0.7092 

c(KIO3)=
𝑚

214×0.100
= 0.0143 mol/L; c(Na2S2O3)1=

0.0143×20.00×10−3×3×2

16.00×10−3 = 0.1072 mol/L 

c(Na2S2O3)2=
0.0143×20.00×10−3×3×2

15.90×10−3 = 0.1079 mol/L ; c(Na2S2O3)3=
0.0143×20.00×10−3×3×2

15.70×10−3 = 0.1093 mol/L 

c(Na2S2O3) (average)=
0.1072+0.1079+0.1093

3
= 0.1081 mol/L 

dr(average)= 
∑ |𝑐𝑖−𝑐 |3

𝑖=1
3

𝑐 
× 100% =

|0.1072−0.1081|+|0.1079−0.1081|+|0.1093−0.1081|

3×0.1081
× 100% = 0.7092% 

Table 4 determination of the structure of cobalt (III) complex ion 

product m/g 
Concentration 

/mol·L−1 

conductivity 

(𝜇𝑠 ∙ 𝑐𝑚−1) 

molar conductivity 

(10−4 ·m−2·mol−1) 

ion 

configuration 

[Co(NH3)6]Cl3 0.0268 1.00 × 10−4 572 5720 MA4 

[Co(NH3)5Cl]Cl2 0.0274 1.09 × 10−4 391 3587 MA3 

[Co(NH3)5H2O]Cl3 0.0270 1.00 × 10−4 398 3980 MA3 

c([Co(NH3)6]Cl3)=
0.0268

267.5
= 1.00 × 10−4 mol/L; c([Co(NH3)5Cl]Cl2)=

0.0274

250.5
= 1.09 × 10−4 mol/L 
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c([Co(NH3)5H2O]Cl3)=
0.0270

268.5
= 1.00 × 10−4 mol/L 

Table 5 determination of the crystal field splitting energy of cobalt (III) complex 

product λmax/nm Δ0/kJ·mol−1 

[Co(NH3)6]Cl3 474 4.19×10-22 

[Co(NH3)5Cl]Cl2 530 3.75×10-22 

[Co(NH3)5H2O]Cl3 497 4.00×10-22 

Δ0=
ℎ𝑐

𝜆𝑚𝑎𝑥
= 4.19 × 10−22. The following two are the same equation to calculate. 

 

Ⅷ.Analysis, Discussion and Summary  

Error analysis: 

In the experiments, the yield of [Co(NH3)6]Cl3 is so low, but the [Co(NH3)5Cl]Cl2 is somehow higher. And the 

cobalt content in the [Co(NH3)5Cl]Cl2 is also lower. Here are the possible reasons of the errors: 

1. When preparing the [Co(NH3)6]Cl3, the addition of HCl maybe excess. This causes more usage of NH3, 

and there’s not enough NH3 to coordinate with Co3+. 

2. The ice bath didn’t make the products generate sediment well. 

3. During using the boiling water to make HCl, there may some HCl evaporate away. 

4. When preparing the [Co(NH3)6]Cl3, two times’ suction filtrations are needed. This cause more wastage. 

5. The yield of [Co(NH3)5Cl]Cl2 is higher. This may due to the drying time is short that the product is wet. 

6. When adding the concentrated HCl solution, a amount of steam is generated. This means that the HCl 

solution also wastes some HCl. 

7. The [Co(NH3)5Cl]Cl2 product isn’t completely wet which leads weighing error and the cobalt content in the 

[Co(NH3)5Cl]Cl2 is lower. 

8. When using iodometry, there always exists I2 evaporate away from the system. 

9. The adding and swirling speed during the iodometry is not easy to control. The swirling and adding 

speed may a bit quicker which causes higher concentration.  

 

Summary: 

1. Be cautious to the usage of added solution or solid, this may cause the whole yield of the product. 

2. When titrating, notice the adding speed of the solution. 

3. Iodometry and iodimetry are two ways to determine the ions content. 

4. Using various ways to determine the contents and strcuture can help us get more convincing results. 
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Ⅸ. Post-lab Questions 

(1) If the conductivity results of the products are higher or less than the theoretical ones, give an explanation. 

The conductivity is higher: There may exist other ions and the additional ions may disturb the conductivity. 

After the use of conductivity meter, it may don’t washed well. The residual ions can affect the conductivity.   

The conductivity is lower: The coordination compound in the solution may undergo hydrolysis or other 

side reactions. Moreover, the cobalt-ammine coordination compounds may form aggregates or larger-

sized complexes in solution. They can all decrease the ions’ number in the solution, and then decrease 

the conductivity. 

 

(2) Which λmax is highest among the three cobalt (III) coordination compounds synthesized in the experiment? 

You should take the spectrochemical series of ligands into account. 

According to the spectrochemical series of ligands, we can know that Cl
—
< H2O < NH3. The ligands of 

[Co(NH3)6]Cl3 is NH3. The ligands of [Co(NH3)5Cl]Cl2 is NH3 and Cl
—
. The ligands of [Co(NH3)5H2O]Cl3 is NH3 

and H2O. Therefore, the crystal field splitting energy is [Co(NH3)6]Cl3 > [Co(NH3)5H2O]Cl3 > [Co(NH3)5Cl]Cl2. 

Also, due to the equation:Δ0=
ℎ𝑐

𝜆𝑚𝑎𝑥
 we know that the higher 𝜆𝑚𝑎𝑥, the lower crystal field splitting energy. So, 

[Co(NH3)5Cl]Cl2 has the highest λmax. 

 

Ⅹ. Appendix 

Here are some pictures which show the experimental phenomena during the process and data records. 

 

Fig. 1 The filter residue in Synthesis of [Co(NH3)6]Cl3 
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From the figures, we can see some orange residue mixed with the activated charcoal. They may the cobalt 

mixture. And from this figure, we can explain the low yield of [Co(NH3)6]Cl3. 

 

 

Fig. 2 The white smoke after adding concentrated HCl 

This figure shows the generated white smoke immediately after adding the concentrated HCl. This indicates 

the loss of HCl and explain the low yield in some way. 

 

 

Fig. 3 The [Co(NH3)6]Cl3 and [Co(NH3)5Cl]Cl2 products 
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Fig. 4 The Light absorption curve of three kinds of cobalt-ammine coordination compounds 

From the curves we can know the λmax to calculate the crystal field splitting energy. 
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