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Thermodynamics of Ni(II ) complex equilibrium in
system of Ni(II )-NH;-CI -H,O
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2. School of Materials and Chemical Engineering, Jiangxi University of Science and Technology,
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Abstract: Thermodynamics of Ni(Il) complex equilibrium in the system of Ni(Il )-NH;3-Cl"-H,O was studied by the
double equilibrium method which was simultaneous equilibrium and aqueous electronic charge neutrality. Varying the
concentration of ammonia and chloride ion, respectively, in range of 0—5 mol/L, pH value and the equilibrium
concentration of total Ni, free Cl, free NH; and the complexes of (Ni(NH3))12j6 in the system were calculated, and
thermodynamic diagrams were plotted. The relative errors between theoretic calculation and the experimental values of
total concentration of nickel were analyzed. The results show that the relative average error is 6.91 %. The critical data
and the thermodynamic model are reliable.
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R PAEAE I FANE, Ni(NH3)®, Ni(NH;)3",
Ni(NH;);", Ni(NH;);", Ni(NH;)3", Ni(NH;)¢",
NiCly(aq), Ni(OH)", Ni(OH),(aq), Ni(OH)3 , Ni(OH)Z™,
Ni,(OH)**, Ni, (OH);", CI', NHj(aq), NH,", H'Al
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Table 1 Critical stability constants of zinc complexes at 298 K

Yy Ff lg B; YiFh lg B;
Ni(NH;)** 2.80 Ni(OH)" 4.60
Ni(NH;)3* 5.04 Ni(OH),(aq) 8.55
Ni(NH,)3* 6.77 Ni(OH); 11.33
Ni(NH;)%* 7.96 Ni(OH), 11.90
Ni(NH;)#* 8.71 Ni,(OH)* 4.20
Ni(NH;)Z* 8.74 Ni, (OH);" 28.30

2 RNFLMFEEE T

21 TEEMES

ZENI(I1)-NH;-Cl -H,O f& & 1 1] B8 47 AENiO(s) Al
Ni(OH),(s) 2 FhEAH, & AT5 N> P17 (1 3 B 7 R oy
A

R2 AXYFGITE R BB (T=298K)
Table 2 Gibbs free energy of related species at 298 K

[©] [C]
ok (ﬁf ! | Pk (k?.fé"r/l)
NiO(s) -211.700 Ni** —45.600
Ni(OH)y(aq)  —447.300 NiCly(aq) -307.795
Cl —131.189 NH," -79.370
H,O —237.129 NH,OH —254.000
Ni(OH)" —227.600 NH;(aq) —26.500
OH —157.280
c(Ni*")=exp(28.654 4—4.606 pH); (1)
c(Ni*"),=exp(29.271 2-4.606 pH). )

R AKX Q@) rr s, fEpHAEAH [, 5
Ni(OH),(s)*F- 7 [ Ni*" 9 i J 2 KT 5 NiO(s) *F i (1)
N R o X BT £EAFAENIO(s) INH;-NH,CI-H,0 A&
Z W, A4 A Ni(OH)(s) [l A1 3. Bk, 7
Ni(IT)-NH;-Cl -H,O 4 5 m £ 75 (1) M — [ AH 42 5t Ay
NiO(s), AR [ P47 J5UEE, AR IE A 3 1 5 Fl
1 5NIO(s) P-4 :

NiO+ iNH; + H,0= Ni(NH;)>* +20H ; 3)

NiO+ (j=1)H,0=Ni(OH)5 / +(-2)OH"; (4

NiO+H,0+kCl = NiCl ¥ +20H ; (5)
2NiO+H,0== Ni,(OH)*" +OH; (6)
4NiO+4H,0=Ni, (OH);" +40H . (7)

2.2 ANFAERIEL

R 5 X0 iy H B 4 $vk U, Ni(ID-NH5-CI -
HLO 14 28 1 25 7 B G & 420 110 B JR R 8wl LT LA
XER:

c(R)=exp[4+BpH+Cln ¢(NH;3(aq))+Dln ¢(Cl)].  (8)
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6
e(NP*)p =c(Ni*") + Y e(Ni(NH;);7") +
i=1
ic(Ni(OH)ﬁ‘f) +¢(NiCl, (aq)) +
J=

2% ¢(Ni, (OH)* ) + 4 xc(Niy,(OH)¥); (9

¢(NH;3)1 = c(NH}) + ¢(NH;(aq)) +

6
> (i c(Ni(NH;)7)) 5 (10)
i=1

¢(C17)g =c(C17) + 2 x NiCl, (aq) « (11)
R B R P P DR, S e T AR R

2e(Ni)+e( NH Jre(H)=c(Cl )r+e(OH) . (12)

AL, (NI ) Rlle(NP) BL B e(CT ) Alle(CT) 73 51
AN BR R SRUAR (1) R P2 LA Bl 5 B R 8
BT IR s c(NH)y ¥ 980 e R T B TR 5
c(NH3(aq)) /il B 2RI s iRljo) i e 2RI Ak
ST PR LA HL

%3 BETFHRLEIRETHR

Table 3 Constants in exponential for calculating species

concentration
LiEi 4 B C D
Ni** 28.6544  —4.606 0 0
Ni(NH;)** 351028  —4.606 1 0
Ni(NH;)3* 402615  —4.606 2 0
Ni(NH;)3* 442457  —4.606 3 0
Ni(NH;)3* 46.986 3 —4.606 4 0
Ni(NH;)2* 48713 8 —4.606 5 0
Ni(NH,)¢" 487826  —4.606 6 0
NiOH" 7.0062  —2.303 0 0
Ni(OH),(aq) —16.1389 0 0 0
Ni(OH);  —41.978 6 2.303 0 0
Ni(OH);  —72.907 9 4.606 0 0
Ni,(OH)*  34.7394  —6.909 0 0
Ni (OH);*  50.8245  —9.212 0 0
NiCly(aq) 28.5806  —4.606 0 1
NH;(aq) 0 0 1 0
NH," 214270  —2.303 1 0
OH -32.370 0 2.303 0 0
H' 0 -2.303 0 0

FELL BRI, £730(9)~(12) 4 P TRE, 34T
pH{H, ¢(NHi(aq)), c(NHs)r, c(Ni*)p, (CI)Flc(Cl)
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FESERR TR AR, B A 2 A NHLCL
FINH,OH(Z/K), FTLL, fEXAMERT, mLAESEL
JEEANT )W EE o Ho e(NHOH) = ¢(NH3)r—
e(C ) e(NH4CH=¢(Cl o

XFE, B A 4 SR 4 AN #
CLE s fo7 B4 4 A\ EHMATLABSW 5 (R4,
K H e (NH,C) Fe(NH,OH) 73 7 7E 0~5 mol/LIF AR 43t
] P H At AR 260 P 942 S5 R p A

3 FR5Te

3.1 pHEMEIMSILELRENT

R4 5, FHIMATLABZS H A 21745 5 pH
11 bt c(NH,OH) Ml c(NH,CD) 1 2840 150, &l 1 Bt
TRo

o 1 2 _
¢y, cNHC/mel D

1 pHAES c(NH,OH)Fec(NH,Cl)4 th & X %
Fig.1 Relationship among pH value and ¢(NH4OH) and
c¢(NH,4CI)
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¢(CIN)/(mol+L™)

2 ¢(C1)5 c(NH,O0H)F=c(NH,C 49 & X £
Fig.2 Relationship among ¢(Cl ) and ¢(NH,OH) and
c¢(NH,4CI)
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Fig.3 Relationship between ¢(NiCly(aq)) and ¢(NH,OH) and

c(NH,4CI)
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B 4 Fios. dE 4 7 JUUEH, 24c(NH,OH)/

e(NHLC)/M T 201 B, i BEKIE LT 05 %
C(NFLOH)e(NH,C) K T 2:1 B, i e i e .

¢(NH;(aq))/(mol<L™")

2 -1y
/. 0 I (mob+t-
20 e
4 ¢(NH;(aq)) 5 c(NH,OH)Flc(NH,CI) ¥ i T 5% 5=
Fig.4 Relationship among c¢(NH;(aq)) and ¢(NH,OH) and

¢(NH,CI)
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Fig.5 Relationship among ¢(Ni*") and ¢(NH4OH) and
C(NH4C1)
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& FiC A2, Ni(OH)', Ni(OH)y(aq), Ni(OH);3 ,
Niy(OH)* 1 Ni, (OH) ;" (I 4 /N T+ 1X107° mol/L.
NiCL(aq)MKFEWE 3 Fror, HAAERIOLHA R IEA
SR S S AR UK IR BE /NG R X S, d5 iR S5 /s
T 0.25 mol/L; ¥ BINT A LE MR H X 5 5 NiCly(aq)
ISR, (A R B T 0.014 mol/L; HF2ILL
Ni(NH )% Be &8 F RS W 6 Bis, 4%
KK BE AR I, B 5 S A BT R R R AR 1
Ni(NH,), FL&H, B 1R 2 b s g n, - 45
BB NI(NH ;)3 BLA, HoPAT R 3 bk
K.

) (mol-L")

2+
f

¢(Ni(NH, )2

Poff: 1—Ni(NH;)*s 2— Ni(NH;)3" s 3— Ni(NH;)* 5
4—Ni(NH;)3"s 5—Ni(NH;)?"; 6—Ni(NH;)2"
6  c(Ni(NH,)>*)5 c(NH,OH)F=c(NH,Cl) &4 # & X %
Fig.6 Relationship among ¢(Ni(NH,)?*) and ¢(NH4OH) and
c(NH,CI)
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BIHTAINIOWR A, 7525 CHikE 72 h, W5,
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7 S AR 8 22 IR 406~ E - 6.91%, XUt I 14
DR A, it B s R, e A A
XPIRZERT 5% 3= 5t R R 7R iR BEAR %
JLUGERIG TR 22 BRI (FR ) 2 B mT TSk ff
SRR RS, AR b, TR A
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F 4 AFc(NHCHRIe(NH,OH) 5 0 h-F4lirp(Ni* )l
SEIR A AT ELAR
Table 4 Experimental and calculated values of equilibrium

p(Ni*")y at different ¢(NH4CI) and ¢(NH,OH)

lﬁé\’j 22+ ! N

BE - NHcly covmony| PO L) A
B ol L) (molL ) | o 2

(mol-L™" SIE MR %
52 5.0 0.2 7345 7759 533
5.4 5.0 0.4 85.65 7822 —9.50
5.6 5.0 0.6 87.89  79.17 -11.01
6.0 5.0 1.0 7899 8199  3.66
7.0 5.0 2.0 9925 9266 -7.11
42 4.0 0.2 5817 63.12  7.84
4.4 4.0 0.4 6270 5748  —9.08
46 40 0.6 6419 5894 —8.90
5.0 4.0 1.0 69.98 63.12 —-10.88
6.0 40 2.0 80.57 7626  —5.65
3.2 3.0 0.2 3569 3730 431
34 3.0 0.4 3815 3894 202
3.6 3.0 0.6 | 4510 4135 —9.07
40 3.0 1.0 5218 4718 1059
5.0 3.0 2.0 63.50 6128 —3.62
3.0 2.0 1.0 3039 3386 1024
40 2.0 20 | 4513 4636  2.66
5.0 2.0 3.0 5817 5391 —7.89
6.0 2.0 40 5848 5720 -223
7.0 2.0 5.0 6214 5822 —6.74
2.0 1.0 10 | 2252 2105 -7.01
3.0 1.0 20 | 2921 2747 633
4.0 1.0 30 | 2697 2891 672
5.0 1.0 40 | 2794 2936 482
6.0 1.0 5.0 3265 2979 —9.60

A
S &7 1k

a. MEHE BT i B0 2 37 T BORS A I N( 11 )-NH;-
Cl-HOfR R [MFAT AR, Tl RSk, 22 T
FIE L ERRE, A AR R 2R

b. BB THE 25 5 SO KR A G A, Bk
FE AR 1 22 B 40 V3B R 6.91%.
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