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I . Objectives

(1. Know the fundation_of coordination chemistry.

(). Synthesize three different cobalt-amine covrdinution compounds.

), Determine the cobalt content  in. the products using iodometry.

). Analyze_the ion configurations of the preducts using wnductometry
). Mensure. the crystal field <plitting energy Of the products
using _spectrophotometry. ’

II. Principles

There are many isomers (BRR) of cobalt coordination

compounds _due. to their inner zomposition . [Co(uHs)sCI]Ch
Loslcls . [GNH)H0lCh.  Under the catalysis of
activated charsca! and the oxidation of H.0: s
LC(ns))Cls con be synthesized using cobalt (1) chloride
(CoCla) and concentrated ammOnium solution (NHs-H:0)
as starting materials. [(o(wh)s]Cls crystals can be precipi-
toted from a concentrated hydrochloric acid CHol) splution
_ - By odjusting the raction temperatures, [ Co(NHs)zH0]Cls
and [Co (INW)sC1]Ck can be synthesized from the same raw
material without the need for activated charcoal.
2,0l +loNH; +2NHsCI+ ol 28t 5[ ) (NH)i]Cls + 2Hho
chircopl
2(oClat NH; +2NHa C1+ Hy0, = 2[ G(NH:)5C1[CL, + 2H, 0
2o Clyt BNHs +2NHa €]+ Ha 0 == 2[ (o (NH3)5 H,0] Clg
N (71 GV (S Ny (T A
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‘Todometry is used 0 determine the wbalt content
in the products. When boiled in an  excess gtrong
alkaline solution (ZBARIER) , wbalt (L) cordination

compound  decomposes (2#%) tp Fforms  ColoW);.
2LGANYB)CL +ENGOH == 2(,(0R); +128M7 +ENac)

2 [ (o (NH)sCI JCla + ENAOH == 2.CoCOH), + 1oNHs T + 6 NaC|
2[Co(NHIsHa0]C); +(NpOH == 2 (y(0H), | + (ONH; T 5 6 N Ol + 28,0
* Oxidizing propecties, ColoM)y aan oxidize 1 1o I,
The iodine pmduced can be titrated -using a standard
NasSa solution. Co content in the products is determined.

2Co(oH) +2I+ bR = 2 (,? +I,+bH,0

25,07 +L, = S0+ 21"

The onductivity of eath cobalt () coordination

compound can be measured using a conductivity meter
allowing its ion configuration +9 be deduced.

molar  canductivity & o configuration

jon wnﬁgumtion jon number Conductivity N ( ,MS"cm")
MA 2 (20~134
MAL or Mz A 3 2402 %
MAs of MeA 4 411~ 45)
M or Mgy A b 633557,

III.Pre-lab Questions
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1) What are the functions of Hio:, NH-H0 and concentrated
HCl in the synthesis procedures 7

@ M0 Work 05 an oxidizing agent , usually the cibalt is
G2 And the raw material we use is CoCla , S0 aalalznj

_ Hs0s can tum it it G
26 a0k 2NHe — 208 +2NHs + 2H10

OR” environment _to feact with the extess H'.
® concentrated HO: Provide €™ 2o form coordination compounds .

__And_High CI” concentration Can _stabilize the Compounds.

(2. What is the difference hetween iodometry and iodimetry?_
__ What are the key points to prevent the measurement error
__of iodomedry in this experiment?

@ Jodimetry (@%HF%): Use standard L. solution t, titrate
__reducing_substances ,ond the 1, is reduced to I”

@. Lodometry (iddgstt %): First uee oxidizing_substances to

react with excess KI, which will produce Lo Then use
NaSa0s st lution to react with the L.

To prevent the measurement error of iodometry in this

expefiment, we should ensure the excess KI 4o make it

react Afully. Also, keep the colution’s pH to reduce vice

Teaction .
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®). Give the determination principle of cobalt content in
the product.
___Under OH™ environment, the 3 kinds of (pbalt-amming

coordination compounds can be tumed into  ColoH)s
The ColoH)s react with 17 to generate (&I,
MNeasure the I. which we can know the exact Co
content |n the products.

Also, we can know the lon confiquration by the conductivity.

IV.Procedures

I, Synthesis of LCo(NH)]Cls.

L , ;
Erll::::neger flask “213“ > C":}*o;"’“ie —-?zf:t swir] to PMUIX well —>
heat in a water bath R activated charcog|
= L N e
at o ‘f‘or lo win ol to RT \ %49

Swirl for several minutes cong, NHs 10 |<€6F in ice bath H:O:.,

lomL EmL
add slowly ‘ G
while cwirling gently — heat in @ water bath at bo'C for

|5 min —  suction filtration — get the sediment. GZ¥2H)

loomL _cediment boiling Hol (3450 stir  quickly — suction

bepker 7 Ggpo mL
filtration __filtmbe Teomb  wne Bl (b o s cool
Sﬂ\Mtlm ’ );eaker JomlL

place the product

inan fce bath —, suction Filtration — n a4 wath glass

dry at 'c
—-)‘for 20 ~30min — welgh and record the mass
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ps. 1. Weigh the activated chareoal carefully.
@), Maintain the Bleameyer Flask ab around 60°C , swirling
it vegoccasiondlly to help the reaction reach completion.
5). Prepare the boiling Hel (3459) just before use by adding
3 droppers of concentrated Bel to Homl boiling water.
;Sgnimes_is 'of Leomvilsci]ch . o

coml. \ _Lone HsiF : N ' 2’
_Erlénmeyer_ﬂo_@»k NB:;(; i mf;r':t.; HL_O; swirl to mix e ‘E —_(;Chlosbﬂi’ -

s JA slowly
earthy red §| ——> wool 1o RT gzzmol. w(t_lle swirling gently ‘TL@P

red mixture Lo%_fj_% purple red cystals — heat in @ water bath at

80’ for 2emin — ool i an lce, bath — guction filtration —>

place the ?roduct in_a watch glass ~—» (irg_a't Qo°'c for 20 v3omin

— weigh and recored the mass,

ps. keeP the Erlenmeyer flask ot around 8¢°c. , swirling it

occasionally 4o help the feaction feach completion.

3. Standardization of 0] mol A Ng:S0s Solution.

Using KIO; as o primary standorl .

150 mL kI kI . swirl until solids 3 moA Bugoy,  Hh0 |
Erleamever flask —Fevoml 073> dissalve completely 5ml __ ~  JomL ”

Purplish red _NuaGlsy fitrpte to pale yellow ____b->5i:“£f deep blug Moatels,

titrate unti| clorless 5 ppqd firal volimg —— fepeat 2 more times,
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4, ination of the ntent o the Product.

250mL product | SmelA NoH \iiing chip . heat, to boilia
_ Biodine flask 04 7 2oml ” 24 graing for 25 min 3

add water T KL gently swirl  pmef Hu  keep in the
pceasionally — ou e 150 2 for Imin —bm—* dark far 25 min

Hvoy titrate fast with Naz$.0s glarch; bl titrate slwly with Naxs, 05
Tom unti) ﬁ?gh{: orange. 2 mL deeP e = until solution turns Im'glg_

— record the volume = %ff:tt;m

5. Determination of the [on Configuration of (oordination Compounds.

m. Use a looml \gumetric flask o prepare loomL of
.0x) P mol & product  sdution.

(), Measure  the conductivity of the coution using a
conductivity meter,

®. Determne the ion configurations of the coordination
compounds using the known data.

V .Data Record Tables

Table synthesis of cobalt(I1I) coordination compound

molecular O conch.
formula of N];{“C‘ COC‘7'6H20 NHé'Hioiconcn.) 2 /(;T ) actual/ output
product g g m / g

[y | 399 | bo2 | g | o | 53

- | s
tical
theoretica brief description of product
output /g

.02,
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Table determination of cobalt content in the products

1 2 3
m(product)/g 0.402) 0,298 b // 0,400
/i(NasS,05)imL 0.15 NIA Y
V3(NayS;05)/mL 13, bo N\ 13,50 / I5.3%
AV(N2,S,0;)/mL 12,85 \{151 12,96

Table 3 determination of the concentration of 0.1 mol-L-! Na;S,0; standard solution
] 2 P 3
m(KIO:)g o300
V,(N2;S;05)/mL 0.40 &‘lo / ) \o
Vy(NasS;0:)/mL 1640 Ihgy” 16,80
- AV(Na,;8,03)/mL 1, 00 15,90 ' 5-—’0

*

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

product mlg, Conductivity (xw-&mi-{gb‘m
T [Co(NHs)]Cls 0.02 68 | //512_
— [Co(NHs)sCl]Cl; 0.027¢ \_| 329 (
[CoNH:)sH,0ICly | 0,02]¢ 218

Table 5 determination of crystal field splitting of cobalt (11I) complex
product Amax/NM 4 y/kJ-molt!
[Co(NH:)]Cls 414 -
_| _[CoNHy)ClICl, \530"

.‘

[Co(NH;)sH,0]Cls
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Table  gynthesis of cobalt (I) caprdination

compound

I
Praduct NHaCl /g CoCl-bH0/ NH;'H;}/NP— Hel fml  actual outPu;

[Conbse]e, 200 4o & / 5.0 T

Fheoret; = b
ohiol;; ‘;;1 e brief description  of  product,

4,22

VI. Key Steps and Precautions

o gk~ w

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

To let the reaction among CoCl,, NH3, NH4Cl and H2O, completely, maintain the temperature and swirl
the Erlenmyer flask occasionally to help the reaction reach completion.

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

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

Keep the Erlenmeyer flask at around 80°C, swirling it occasionally to help the reaction reach completion.
When preparing the [Co(NH3)sH20]Cls, maintaining a low temperature is crucial. The Erlenmeyer flask
must be kept in an ice bath at all times.

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

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 ..

VIl.Results and Data Processing

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

Table 1 synthesis of cobalt(lll) coordination compound

molecular formula of | NH4Cl | CoCl,-6H20 NH3z-H>O(concn.) HCl(concn.) actual output

product /g9 /g /mL /mL g

[Co(NH3)s]Cls 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 | NH4Cl CoClz-6H20 NHs-H2O(concn.) HCl(concn.) actual output

product /g /g /mL /mL /g

[Co(NH3)sCIICl, | 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(NHa)s]Cls)=—taloutPut _ o 44094 = % X 100% = 6.1%

theoretical output

actual output 4.05

yieId([Co(NH3)5CI]CI2):theoretical Sutput X 100% = — 5 X 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(NazS203)/mL 0.75 0.71 2.92
V2(Na2S203)/mL 13.60 13.30 15.88
AV(NazS03)/mL 12.85 12.59 12.96
o(Co% %)% 18.83 18.61 19.04
@ (Co)/% 18.82
d, /%(average) 0.78
w(Co)/%(theory) 23.53
P A E) % 79.98
A(CoA¥), AV(NaZSZO3)01I:OOmol/L Mr(Co) % 100% = 12.85x10‘;’:(?;1000><58.93 % 100% = 18.83%
A(CoA &), _AV(NaZSZ03)-0.1r:OOmol/L-Mr(Co) % 100% = 12.59x1o—§;<:é16000x58.93 % 100% = 18.61%
a)(Co/\’E") _AV(NayS,03)- OII:OOmol/L Mr(Co) % 100% = 12.96><10_::(()).110000><58.93 % 100% = 19.04%

o(Cos¥)1+w(Cos¥)2+w(CodE)3 _ 18.83%+18.61%+19.04%
3 - 3

= 18.82%

o (Co)=
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Z?zlla)i —o| [18.83% — 18.82%]| + |18.61% — 18.82%] + [19.04% — 18.82%)|
i =—3 0% = 3 0
d, = x 100% 18.82% x 100%
= 0.78%
_ M(Co) __ 5893 _
a)(CO)(theOfy) m X 100% = 25048 X 100% = 23.53%
. _ @(Co) _
p(#nné@}ﬁ)—m x 100% = 79.98%
Table 3 determination of the concentration of 0.1 mol-L~1 Na;S,03 solution
1 2 3
m(K1O3)/g 0.3060
V1(NazS203)/mL 0.40 0.90 1.10
V2(NazS203)/mL 16.40 16.80 16.80
AV(NazS203)/mL 16.00 15.90 15.70
c(NazS203)/mol-L* 0.1072 0.1079 0.1093
c(NazS,03)/mol-L(average) 0.1081
d/%(average) 0.7092
0.0143%20.00x10~3x3x2
c(KlO3)= S1a%0.100 = 0.0143 mol/L; c(NazS203)1= T6.00X10=3 = 0.1072 mol/L
C(N&\zSzOs)z—O 0143%20.00x1073x3x2 = 0.1079 mol/L : c(Na28203)3—0 .0143%20.00x1073x3x2 —0.1093 mol/L

15.90x1073 15.70x10-3

0.1072+0.1079+0.1093
3

= 0.1081 mol/L

c(NazS.03) (average)=

3 lci-t|
e _10.1072-0.1081|+]0.1079-0.1081|+|0.1093-0.1081| _
dr(average)= X 100% = 01081 X 100% = 0.7092%
Table 4 determination of the structure of cobalt (lll) complex ion

Concentration conductivity molar conductivity ion

product m/g . :
/mol-L (xus - cm™1) (x10* -m=2-molY) configuration

[Co(NHz3)e]Cl3 0.0268 1.00 x 107* 572 5720 MA,4
[Co(NH3)sCI]Cl2 0.0274 1.09 x 10~* 391 3587 MAs
[Co(NHz3)sH20]Cls 0.0270 1.00 x 10~* 398 3980 MAs

0.0268 0.0274

c([Co(NHs)e]Cla)=— =1.09x 10™* mol/L

=1.00 x 10™* mol/L; c([Co(NH3)sCI]Cl2)==—
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c([Co(NH3)sH20]Cls)=

99279 — 1.00 x 10~* mol/L
268.5

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

product Amax/nm AolkJ-mol
[Co(NH3)e]Cls 474 4.19X102
[Co(NH3)sCI|Cl 530 3.75X 1022
[Co(NH3)sH20]Cls 497 4.00X 102

A n=
=2

hc

= 4.19 x 10722, The following two are the same equation to calculate.

max

VIl.Analysis, Discussion and Summary

Error analysis:

In the experiments, the yield of [Co(NH3)s]Cls is so low, but the [Co(NH3)sCI]Clz is somehow higher. And the

cobalt content in the [Co(NHs3)sCI|Cl. is also lower. Here are the possible reasons of the errors:

1.

o o kM w N

When preparing the [Co(NH3)s]Cls, the addition of HCI maybe excess. This causes more usage of NHs,
and there’s not enough NHs to coordinate with Co®*.

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

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

When preparing the [Co(NH3)e]Cls, two times’ suction filtrations are needed. This cause more wastage.
The yield of [Co(NH3)sCI]|Cl2 is higher. This may due to the drying time is short that the product is wet.
When adding the concentrated HCI solution, a amount of steam is generated. This means that the HCI
solution also wastes some HCI.

The [Co(NH3)sCI]Clz product isn’t completely wet which leads weighing error and the cobalt content in the
[Co(NH3)sCIICl is lower.

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

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.

2
3.
4

Be cautious to the usage of added solution or solid, this may cause the whole yield of the product.
When titrating, notice the adding speed of the solution.
lodometry and iodimetry are two ways to determine the ions content.

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 Amax is highest among the three cobalt (l1l) 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 ClI < H,O < NHas. The ligands of

[Co(NHs3)e]Clsis NHs. The ligands of [Co(NH3)sCI|Clz2is NH3 and CI . The ligands of [Co(NHz3)sH20]Clsis NH3

and H20. Therefore, the crystal field splitting energy is [Co(NH3)e]Clz > [Co(NH3)sH20]Cls > [Co(NH3)sCI|Cl.
hc

Also, due to the equation: AO:/’l we know that the higher 4,,,., the lower crystal field splitting energy. So,

max

[Co(NH3)sCIICl2 has the highest Amax.

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)e]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(NHz3)g]Cls.

Fig. 2 The white smoke after adding concentrated HCI
This figure shows the generated white smoke immediately after adding the concentrated HCI. This indicates

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

Fig. 3 The [Co(NH3)e]Clz and [Co(NH3)sCI]Cl. 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 Amax to calculate the crystal field splitting energy.
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