
375Acta Chim. Slov. 2012, 59, 375–379

Ta ba ta ba ee et al.:  Pre pa ra tion and Cha rac te ri za tion of a New Exam ple ...

Scientific pa per

Pre pa ra tion and Cha rac te ri za tion of a New Exam ple 
of a Doub le Salt of Nic kel(II) Com ple xes

Ma sou meh Ta ba ta ba ee,1,* Mo sta fa M. Ami ni,2 Sania Sa he li1

and Fa te meh Va ki lia

1 De part ment of Che mi stry, Yazd Branch, Is la mic Azad Uni ver sity, Yazd, Iran

2 Department of Chemistry, Shahid Beheshti University, G.C.,Evin, Te hran, Iran

* Corresponding author: E-mail: ta ba ta ba ee45m @ya hoo.com

Re cei ved: 12-01-2012

Ab stract
A new doub le salt of nic kel(II) com ple xes, for mu la ted as, [Ni(bipy)(H2O)4][Ni(H2O)6][Ni(pydc)2]2 · 6H2O, (1), (pydc =
pyri di ne-2,6-di car boxy la te anion, bipy = 2,2’-bip yri di ne) has been hydrot her mally synthe si zed. Com plex was cha rac te -
ri zed by FT-IR spec tros copy, ele men tal analy sis and X-ray dif frac tion stu dies. The com pound 1 con sists of
[Ni(H2O)6]

2+, [Ni(bipy)(H2O)4]
2+, two symme try-in de pen dent anio nic com ple xes [Ni(pydc)2]

2– and six co-cry stal li zed
wa ter mo le cu les. In the cry stal struc tu re of com pound 1, the for ma tion of ex ten si ve O–H…O hydro gen bonds bet ween
un coor di na ted wa ter mo le cu les and ca tio nic or anio nic com ple xes play im por tant ro les in sta bilizing the cor res pon ding
lat ti ce and for ma tion of 3-di men sio nal net works. 
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1. In tro duc tion

Se ve ral types of non-co va lent for ces, such as hydro -
gen bon ding,1–4 π-π stac king5 and elec tro sta tic6 in te rac -
tions are of great in te rest in con struc ting ex ten ded su pra -
mo le cu lar net works. Such non-co va lent in te rac tions play
key ro les in the con struc tion of va ri ous archi tec tu res for
mo le cu lar self as sembly and ag gre ga tion.7–9 In the past
de ca de me tal losupra mo le cu lar spe cies, con tai ning tran si -
tion me tals and or ga nic li gands with no vel struc tu res and
pro per ties ha ve been ra pidly de ve lo ped due to their fas ci -
na ting mo le cular struc tu re and po ten tial ap pli ca tions as
func tio nal ma te rials.10,11 Ag gre ga tion of or ga nic mo le cu -
les and me tal ions can lead to for ma tion of mul ti-di men -
sio nal net works which con tain chan nels or ca vi ties of va -
ri ous si zes and sha pes.12, 13 The coor di na tion geo me try of
the me tal ion, sol vent mo le cu les, the coun ter ions and the
met hod of synthe sis are inf luen ced in fi nal me tal lo su pra -
mo le cu lar arc hi tec tu res.14 As known, li gands con tai ning
oxy gen or hybrid oxy gen-ni tro gen atoms, es pe cially mul -
ti car boxy la te ligands can act as hydro gen-bond do nor or
ac cep tor and aro ma tic systems such as tho se of 2,2’-bip -
yri di ne and 1,10-phe nant hro li ne can be sta bi li zed by stac -

king in te rac tions in vol ving the π systems. Re cently we re -
por ted so me tran si tion me tal su pra mo le cu lar struc tu re
with poly car boxy la te li gands15–17 and in this com mu ni ca -
tion, we wish to re port the hydrot her mal synthe sis and
cha rac te ri za tion of a su pra mo le cu lar doub le salt NiII com -
plex, [Ni(bipy)(H2O)4][Ni(H2O)6][Ni(pydc)2]2 · 6H2O (1).
In the so lid sta te, com plex forms a no vel three-di men sio -
nal (3D) net work re sul ting due to in termole cu lar hydro -
gen-bon ding in te rac tions.

2. Ex pe ri men tal
2. 1. Ma te rials and In stru men ta tions

The star ting ma te rials Ni(NO3)2 · 6H2O, pyri di ne-
2,6-di car boxy lic acid and 2,2’-bip yri di ne we re all purc ha -
sed from Merck, Ger many. IR spec tra we re re cor ded us-
ing FT-IR Spec tra Bru ker Ten sor 27 spec tro me ter (KB r
pel lets, 4000–400 cm–1). Ele men tal analy ses we re per for -
med using a Co stech ECS 4010 CHNS-O analy zer.

2. 2. Synthe sis of the Com plex 

Pyri di ne-2,6-di car boxylic acid (0.167 g, 1 mmol)
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was dis sol ved in 10 ml de io nized wa ter con tai ning Na OH
(0.08 g, 2 mmol) and stir red for 30 min at room tem pe ra -
tu re. Then an aqu e ous so lu tion of Ni(NO3)2 · 6H2O (0.29
g, 1 mmol) and 2,2’-bip yri di ne (0.078 g, 0.5 mmol) was
ad ded to abo ve-men tio ned so lu tion. Reac tion mix tu re was
pla ced in a Parr-Tef lon li ned stain less steel ves sel. It was
sea led and hea ted to 120 °C for 14 h. Blue cry stal li ne
com plex was ob tai ned upon slow coo ling (Yield 79% ba -
sed on di pi co li nic acid). 

IR (KB r) υ� (cm–1): 3398 (b), 1602 (s), 1436 (s),
1385 (s), 1278 (m), 1183 (w), 1021(w), 839 (m), 764 (s),
692 (w). Anal. For C38H52N6Ni4O32 (1339.70): Calcd. C
34.04, H 3.88, N 6.27; Found C 34.08, H 3.78, N 6.19. 

2. 3. X-Ray Cry stal lo graphy

X-ray struc tu re analy sis of sui tab le sin gle cry stal
was car ried out on a Bru ker Smart 1000 CCD area de tec -
tor (MoKα ra dia tion, grap hi te mo noc hro ma tor, λ =
0.71073Å, at 120(2) K). The se mi-em pi ri cal ab sorp tion
cor rec tion was ap plied for 1. The cry stal struc tu re of 1
was sol ved by di rect met hods and re fi ned by a full-ma trix
least-squa res ba sed on F2 using the pro gram SHELXTL
5.1.18 Hydro gen atoms we re re fi ned in the iso tro pic ap pro -
xi ma tion ac cor ding to a ri ding mo del with Uiso equal to
1.5 Ueq of the car rier atoms. Pro grams used we re
SHELXS 97,19 SHELXL 9720 and PLATON 98.21 The
mo le cu lar grap hics we re do ne with PLATON 98 and
MERCURY (Ver sion 2.3).21 De tails of the cry stal struc tu -
re analy sis are shown in Tab le 1. 

3. Re sults and Dis cus sion

Com pound 1 was pre pa red ac cor ding to equa tion 1. 

3. 1. Cry stal Struc tu re

Fi gu re 1 il lu stra tes the prin ci ple struc tu ral fea tu res
of 1 and se lec ted bond lengths and an gles are gi ven in tab -
le 2. 1 con sists of two symme tric-in de pen dent [Ni(py-
dc)2]

2–com ple xes (Fig. 2a), one [Ni(bipy)(H2O)4]
2+ (Fig.

2b) and one [Ni(H2O)6]
2+ (Fig. 2c) ca tio nic com ple xes.

Two in de pen dent [Ni(pydc)2]
2– com ple xes are dif fe rent

only in re le vant bond lengths and an gles (im por tant da ta
are li sted in Tab le 2 for com pa ri son). The nic kel(II) ions
in [Ni(pydc)2]

2– com plexs are six-coor di na ted by two tri -
den ta te pydc2– anions and the geo me try of the re sul ting
Ni N2O4 coor di na tion can be des cri bed as a di stor ted oc ta -
he dral. The bond an gles around Ni1 and Ni2 in vol ving
trans pairs of do nor atoms are in the ran ge of
155.08(10)–177.98(14)° and 154.86(10)–176.55(14)° res -
pec ti vely and de via te from li nea rity. For the cis pairs of
do nor atoms this ran ge is 77.44(12)–103.52(12)° for Ni1
and 77.51(12)–104.23(12)° for Ni2. As is shown in tab le
1, com pound cry stal li zes in the mo noc li nic P 21 spa ce
group. Whi le all mo le cu lar spe cies pre sent are ap pa rently
ac hi ral, the cry stal pac king is chi ral and it is a less-com -
mon ca se of ac hi ral com pound cry stal li zing in a chi ral
spa ce group. 

In the [Ni(bipy)(H2O)4]
2+ ca tio nic com plex, Ni(II)

atom is coor di na ted by four oxy gen atoms of wa ter mo le -
cu les and two ni tro gen atoms of bi den ta te 2,2’-bip yri di ne
li gand. The en vi ron ment of the me tal cen ter in
[Ni(H2O)6]

2+ can be des cri bed as oc ta he dral. Un coor di na -
ted wa ter mole cu les oc cupy ge ne ral po si tions in the cell.
The most im por tant fea tu res of the cry stal struc tu re of
com pound 1 are a num ber of O–H…O hydro gen bonds
bet ween ca tio nic and anio nic frag ments, un coor di na ted
wa ter mo le cu les and car boxy la te groups (tab le 3). The se
hydro gen bonds play im por tant ro le for the for ma tion of



377Acta Chim. Slov. 2012, 59, 375–379

Ta ba ta ba ee et al.:  Pre pa ra tion and Cha rac te ri za tion of a New Exam ple ...

doub le salt Ni(II) com ple xes and an in te re sting su pra mo -
le cu lar struc tu re (Fig. 3). 

All Ni–N and Ni–O di stan ces in 1 are com pa rab le
with the cor respon ding va lues re por ted for nic kel(II) spe -
cies ha ving the sa me coor di na ting atoms.22–24

3. 2. IR Spec tra
The pat tern of IR spec tra of com plex shows two sets

of vi bra tions due to the aqua and di pi co li na te li gands. The
car boxy la te ion may coor di na te to a me tal atom in one of
the uni den ta te, bi den ta te or brid ging mo de.25 In the spec -
trum of 1, the band as so cia ted to the an tisym me tric stretc -
hing vi bra tio nal mo de, νas(–COO), ap pears at 1602 cm–1

(1700 cm–1 in the spec trum of free pydc H2), to get her with
the νs (–COO) band at 1385 cm–1 (1326 cm–1 in the spec -
trum of free pydc H2). The va lue of Δ(νas(–COO)–
νs(–COO)) amounts 217 cm–1, in di ca ting the pre sen ce of
car boxy la te group coor di na ted to nic kel(II) ion in uni den -
ta te mo de25–27 which is in agree ment with the cry stal
struc tu re of 1. The IR spec tra of 1 shows broad strong
bands at the re gion 3400–3000 cm–1, which could be re la -
ted to the exi sten ce of O–HO hydro gen bon ding bet ween
wa ter mo le cu les.28 Ab sorp tions typi cal of coor di na ted
2,2’-bip yri di ne can be ob ser ved at 700–840 and 1400–
1600 cm–1.29,30
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Fig. 1. A ge ne ral view of com pound 1.

Fig. 2. a) A view of two symme try-in de pen dent [Ni(pydc)2]
2–, b) Mo le cu lar struc tu re of the [Ni(bipy)(H2O)4]

2+ ca tio nic com plex sho wing the atom-
num be ring sche me c) Mo le cu lar struc tu re of [Ni(H2O)6]

2+, in re pre sen ta tion of atoms by ther mal el lip soid at the 50% pro ba bi lity le vel.

a)

b) c)
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5. Ap pen dix A. 
Sup ple men tary ma te rial

Furt her de tails can be ob tai ned free of char ge on ap -
pli ca tion to the Cam brid ge Cry stal lo grap hic Da ta Cen tre,
12 Union Road, Cam brid ge CB2 1EZ, U. K. [Fax. (in ter -
nat.) +44 (0)1223 336033; E-mail: de po sit @ccdc.cam.
ac.uk] quo ting the de po si tory num ber CCDC 742665 for 1.

Tab le 1. Cry stal da ta of [Ni(bipy)(H2O)4][Ni(H2O)6][Ni(pydc)2] ·
6H2O.

Com pound 1
Em pi ri cal for mu la C38H52N6Ni4O32

For mu la mass 1339.70
Cry stal si ze (mm) 0.35 × 0.25 × 0.25
Cry stal system Mo noc li nic
Spa ce group P 21

a[Å] 12.2114(8)
b[Å] 18.0287(13)
c[Å] 12.3438(9)
β[°] 109.317(5)
Vo lu me Å3 2564.6(3)
Z 2
Dcalcd.[g cm–3] 1.735
Ab sorp tion cor rec tion Se mi-em pi ri cal from equi va lents
F(000) 1380
Tem pe ra tu re [k] 120(2)
In dex ran ge     h –16→16

k –24→24
l –16→16

Ref lec tions col lec ted 24694
Uni que ref lec tions (Rint) 13128 (0.0362)
Ref lec tions with Fo > 4σ(Fo) 9117
Pa ra me ters 726
R1 0.0430
w R2 (all da ta) 0.0930a

aw = 1/[σ2(Fo
2) + ( 0.0327P)2 + 0.3100P], 

P = [max(Fo
2, 0) + 2 Fc

2]/3

Tab le 2. Se lec ted bond lengths (Å) and bond an gles (°) for
[Ni(bipy)(H2O)4][Ni(H2O)6][Ni(pydc)2]2 · 6H2O

Ni1-N2 1.960(3) Ni(3)-O(3W) 2.041(3)
Ni1-N1 1.960(3) Ni(3)-O(2W) 2.049(3)
Ni1-O1 2.116(3) Ni(3)-O(4W) 2.065(3)
Ni1-O5 2.116(3) Ni(3)-O(1W) 2.052(3)
Ni1-O7 2.144(3) Ni(4)-O(5W) 2.048(3)
Ni1-O3 2.172(3) Ni(4)-O(10W) 2.051(3)
Ni2-N3 1.969(3) Ni(4)-O(9W) 2.051(3)
Ni2-N4 1.967(3) Ni(4)-O(6W) 2.054(3)
Ni2-O13 2.114(3) Ni(4)-O(7W) 2.054(3)
Ni2-O9 2.118(3) Ni(4)-O(8W) 2.061(3)
Ni2-O11 2.125(3) N1-Ni1-N2 177.98(14)
Ni2-O15 2.146(3) O7-Ni1-O5 156.18(10)
Ni3-N5 2.038(3) O1-Ni1-O3 155.08(10)
Ni3-N6 2.067(3) N4-Ni2-N3 176.55(14)

O9-Ni2-O11 155.36(10)
O13-Ni2-O15 154.86(10)
N5-Ni3-O4W 173.43(13)
O2W-Ni3-N6 172.37(12)
O3W-Ni3-O1W 174.11(14)
O10W-Ni4-O9W 179.01(14)
O5W-Ni4-O6W 178.67(12)
O7W-Ni4-O8W 178.89(13)

Tab le 3. Se lec ted hydro gen bonds for [Ni(bipy)(H2O)4][Ni(H2O)6]
[Ni(pydc)2]2 · 6H2O [Å and °].

D-H...A d(D-H) d(H...A)d(D...A)<(DHA)

O(1W)-H(1WA)...O(15)#1 0.95 1.81 2.752(4) 170
O(2W)-H(2WB)...O(12W)#2 0.95 1.89 2.758(4) 151
O(3W)-H(3WA)...O(9)#3 0.95 1.83 2.748(4) 162
O(3W)-H(3WB)...O(11W)#4 0.95 1.85 2.701(7) 148
O(4W)-H(4WA)...O(10)#3 0.95 1.75 2.697(4) 173
O(6W)-H(6WA)...O(2)#5 0.95 1.92 2.867(4) 173
O(6W)-H(6WB)...O(16W)#6 0.95 1.76 2.704(4) 177
O(12W)-H(12W)...O(2)#7 0.95 1.84 2.786(4) 172
O(13W)-H(13W)...O(3)#6 0.95 1.84 2.794(4) 179
O(8W)-H(8WA)...O(15W)#9 0.95 1.81 2.758(4) 171
O(15W)-H(15V)...O(14)#6 0.95 1.90 2.841(4) 173

Symme try trans for ma tions used to ge ne ra te equi va lent atoms:
#1 x,y,z #2 -x+1,y+1/2,-z+2 #3 -x,y+1/2,-z+1 #4 x-1,y,z #5 x,y,z-1
#6 -x+1,y+1/2,-z+1
#7 -x+1,y-1/2,-z+2 #9 -x+1,y-1/2,-z+1 #10 x+1,y,z

Fig. 3. Cry stal pac king frag ment along c cry stal axes. Only Ni-con -
tai ning spe cies are de pic ted for cla rity. Hydro gen bonds are shown
with das hed li nes.
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Povzetek
S hi dro ter mal no sin te zo smo pri pra vi li dvoj no sol dvo va lent ne ga ni klja s for mu lo [Ni(bipy)(H2O)4][Ni(H2O)6][Ni(py-
dc)2]2·6H2O, (1), (pydc = pi ri din-2,6-di kar bok si lat ni anion, bipy = 2,2’-bi pi ri din). Spo ji no smo oka rak te ri zi ra li s FT-IR
spek tro sko pi jo, ele ment no ana li zo in rent gen sko struk tur no ana li zo na mo no kri sta lu. Spo ji no 1 tvo ri jo ka tio ni
[Ni(H2O)6]

2+ in [Ni(bipy)(H2O)4]
2+, dva si me trij sko neod vi sna kom plek sna anio na [Ni(pydc)2]

2– in {est mo le kul kri stal -
ne vo de. V kri stal ni struk tu ri spo ji ne 1 so pri sot ne {te vil ne vo di ko ve ve zi ti pa O–H···O med ne koor di ni ra ni mi mo le ku -
la mi vo de ter kom plek sni mi ka tio ni in anio ni, ki ima jo po mem bno vlo go pri sta bi li za ci ji kri stal ne struk tu re in na stan ku
3-di men zio nal ne mre`e.


