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1.2 g, :20% :C, 18.3; H, 4.8; N, 1.7; :C, 19.0;
H, 5.0; N, 1.8 UV :Auw(nm, € 1- mol™'- em™"): 650(2.0), 389(4.9); Nicolet
740FT IR v (COO), 1605w, 1586w, 1565w;
w(CO0), 1421.., 14004, 1357w; Y Ni= O), 891w, 824w, 777m, 735m cm
1.2
( C+H#N205Nis, M.= 1518.41)
0.10x 0.10% 0.15 mm CAD4
(CuKo, A= 1.5418A , ), 3% @< 65° 4746 \
[= 30(1) 2760 LP
\ Pl, ca= 9.7273(9), b= 12.034(2), c= 13.348(2)
A, &= 63.54(2), B=88.45(1), ¥= 86.28(1)°, V= 1395.9(3)A",Z= 1, D.= 1. 806 g-
em >, F(000)= 790, u= 29.686cm™ ' PC 586/100 MoLEN .
, Fourier ,
R=0.0729, Rv= 0.0798,
0.986 e A°°
2
2.1
) pH ,
(H" ) o Ni™")alcit)© , ,
Ni+(OH)4(Heit)?  Nis(OH) (Hzcit)3 ;
NiHecit™  Ni(Heit)? ; NiHzcit  NiHscit' pH
3s) q)u)
25)
1 [Ni(Hdt) (H20) 213" 2 2 [Ni(Hcit) (H20)2]5" 3
Fig. 1 Molecule structure of dimeric citratonickel( ) Fig.2 Molecule structure of dimeric citratonickel( )

anion[ Ni( Heit) (H,0)2]3 2 anion [ Ni( Heit) (H20)2]3" 3
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5 4 ,
[ Ni( Heit) (H20)2]3 \ 12
(NH4)2[ Ni(H20)6][ Ni( Heit) (H20)2]4- 10H20
1, 2
1 (e.s.d.)

Table 1 Atomic Coordinates and Isotropic Thermal Parameters

atom x ¥ z Beq(;& 2) atom x y z B&I(A 2
Ni(1)  0.0359(2) - 0.2666(1) 0.4731(1) 1.86(4)  0(29) 0.4916(8) — 0.1200(6)— 0.1839(6) 3.1(2)
Ni(2)  0.4319(2) - 0.2550(1)— 0.1221(1) 1.97(4)  O(1)  0.0294(9) 0.1759(6) — 0.0216(6) 3.1(2)
Ni( 3) 0. 000 0.000 0. 000 2.20(6)  0(2) 0.1216(8) - 0.0682(7) 0.1412(6)  2.9(2)
N(1) 0.6564(8) 0.2413(7) - 0.1691(6) 1.6(2) 0(3) 0.1746(8) - 0.0018(7)- 0.0899(6) 3.3(2)
0(11) 0.1274(7) - 0.4242(6) 0.5987(5)  1.9(1) 0(4) 0.0139(8) - 0.3790(7) 0.2307(6)  3.1(2)
0(12) 0.1512(8) - 0.3312(6) 0.3781(5)  2.3(2) 0(5) 0.5828(9) — 0.1209(7) 0.1595(7)  3.8(2)
0(13) 0.3369(8) — 0.4514(6) 0.3860(5)  2.5(2) 0(6)  0.326(1) 0.0353(8) — 0.4425(8) 4.9(3)
0(14) 0.2049(7) - 0.1797(6) 0.4864(6)  2.4(2) 0(7)  0.750(1) - 0.0510(8)- 0.2977(8) 5.2(3)
0(15) 0.4223(8) - 0.1561(6) 0.5039(7)  3.4(2) 0(8) 0.7190(9) - 0.3744(7)- 0.3019(6) 3.3(2)
0(16) - 0.1206(7)- 0.3659(6) 0.4593(5)  2.1(2)  c(11) 0.261(1) - 0.4481(8) 0.5569(7)  1.5(2)
0(17) - 0.2658(9)— 0.2116(6) 0.3466(7)  3.4(2)  ¢(12)  0.246(1) — 0.4091(8) 0.4311(8)  2.0(2)
0(18) - 0.0835(8)— 0.2105(6) 0.5752(5)  2.4(2)  C(13)  0.361(1) — 0.3641(8) 0.5737(8)  2.0(2)
0(19) - 0.0305(8)- 0.1091(6) 0.3326(5)  2.2(2)  C(14)  0.326(1) - 0.2249(9) 0.5149(8)  2.2(2)
0(21) 0.3661(7) - 0.4051(6) - 0.1424(5) 1.9(1)  C(15)  0.311(1) - 0.5849(8) 0.6217(8)  2.0(2)

(22) 0.3151(8) - 0.3363(6) 0.0188(5)  2.7(2)  c(16) - 0.223(1) - 0.3247(8) 0.3967(8)  1.9(2)
0(23) 0.1524(8) - 0.4710(6) 0.0938(5)  2.8(2)  C(21) - 0.221(1) - 0.178(8) — 0.0922(7) 1.7(2)
0(24) 0.2561(8) - 0.1555(6)— 0.2048(6) 2.5(2)  C(22) - 0.2131) - 0.147(9) 0.0155(8)  2.3(2)
0(25) 0.0648(8) - 0.1270(6)- 0.3009(6) 2.9(2)  C(23) - 0.3161) - 0.102(8) — 0.1767(8)  2.0(2)
0(26) 0.5949(8) — 0.3702(6)- 0.0325(6) 2.6(2)  C(24) - 0.2861) - 0.043(8) — 0.2303(8) 1.7(2)
0(27) 0.7447(9) - 0.2292(7)- 0.0529(7) 3.8(2)  C(25 - 0.2761) - 0.317(8) — 0.0671(8) 2.0(2)
0(28) 0.5367(8) - 0.1874(7)- 0.2715(6) 3.3(2)  C(26) - 0.187(1) - 0.405(9) — 0.0133(9)  2.3(2)

2 (A)
Table 2 Selected Bond Distances (A ) of Citrato Nickel( )

Ni(1)-0(11)  2.057(5) Ni(1)-0(12)  2.039(8)  Ni(1)-O(14) 2.057(8) Ni(1)-0(16)  2.055(8)
Ni(1)-0(18)  2.072(8)  Ni(1)-0(19)  2.066(6)  Ni(2)-O(21)  2.083(8)  Ni(2)-0(22)  2.043(7)
Ni(2)-0(24) 2.058(8) Ni(2)-0(26) 2.051(2) Ni(2)-0(28) 2.057(8) Ni(2)-0(29) 2.028(9)
Ni(3)-0(1)  2.043(8)  Ni(3)-0(2)  2.059(7)  Ni(3)-0(3)  2.057(8)

Ni(Heit) ( H20)2]3  [Ni(Heit)2] ",
[ Ni(Hecit) (H20)2]% + 4H" + 8H20 —2[Ni(H20)6]” + 2Hscit~
[Ni(Heit)2] " + 4H" + 6H20 —[Ni(H20)6] " + 2Hscit”

B 2 7UV
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2.2
()
() Reeves K2[ Ni( Heit)
(H20)2]2- 4H20 , ()
- B- , B-
, 2.94(1)  2.85(1) A
{[N(CH3)4]s[ Ni( )4(cit) 3( OH)
(H20]- 18H20)}24 Ko Ni( Heit) (H20)2]2- 4H20 5 e
2.070(8)1,2.07( )4 2. 125(3)A 5, 0
2.041(8)1,1.99(1)4  2.054(3)As,
: B- 2.055(8)1,2.07(1)4 2.065(3) A
5, 2.056(8) 1, 2.06(1) 4 2.084(3)A 5,
2.053(8)1
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SYNTHESIS, STRUCTURE AND SPECTROSCOPIC PROPERTIES OF
NICKEL( ) CITRATO COMPLEXES

Zhou Zhaohui Huang Yougqing Jiang Yaqi Lin Yiji Lin Guodong Zhang Hongbin
(Dep artment of Chemistry, Institute of P hysical Chemistry, Xiamen University, Xiamen 361005)

The complex ( NH4) o[ Ni(H20) 6] [ Ni(Hcit) (H20)2]4+ 10H201 was separated from the
reaction of nickel chloride and ammonium citrate at pH 3. Its crystal structure was deter—
mined by X—ay methods. Compound 1 is triclinic, space group P1, with a= 9. 7273(9), b=
12.034(2), c= 13.348(2)A , o= 63.54(2), P= 88.45(1), ¥=86.28(1)° V= 1395.9(3)
A 3, Z=1, R=0.0729, Rv= 0.0798 for 2760 observed reflections. The structure consists of
ammonium cation, hexahydrate nickel( ) cation and two centrosymmetric tetradentate cit—
rato nickel( ) dimeres, [Ni(Hcit) (H20)2]3". The average principal Ni-O dimensions are:
Ni-O(hydroxy), 2. 070( 8) A, Ni-O(o-carboxy), 2.041(8)A, Ni-O(B~carboxy), 2.055(8)
A , Ni-O(water) , 2. 053(8%& . It is deduced that the complex is formed by the coprecipita—
tion of dimeric citrato nickel( ) anion and hexahydrate nicke( ), in which the later is pro—

duced from the decomposition of dimeric citrato nickel( ) or dicitrato nickel( ) anion.

Keywords: citric acid nickel( ) complex citrate method eectroplating
crystal structure



