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� � Abstrac:t Reaction of complexN i[ S2P (OCH2CH2PH ) 2 ] 2 w ith n itrogen base donor 1, 10�phenanthroline
( phen) w as carried out in petroleum ether and acetone solution to g ive green nitrogen base adduct 1, 10�
phenanthroline bis (O, O��di( 2�phenylethyl) dithiophosphato) nickel( II), N i[ S2P (OCH2CH2Ph) 2 ] 2� phen.

The adduct was characterized by elemental ana lys is, UV– visible and IR spectra, therm al analysis and s in�
gle�crystal X�ray diffraction. The crysta l belongs to themonoclin ic system, space groupP 21 / cw ith a = 1.

0987( 9) nm, b = 2. 1432( 9) nm, c = 1. 9025( 5) nm, �= 98. 68( 1)  , V = 4. 429( 4) nm
3
, Z = 4, D c

= 1. 370Mg /m
3
, F ( 000) = 1904, �= 0. 743mm

- 1
, the f inalR = 0. 057 andwR = 0. 1492 for 3498 ob�

served reflect ions ( I ( 2 ( I) ). TheN i( II) atom adopts a distorted octahedral geom etry w ith four sulfur at�
om s from twoO, O��di( 2�phenylethyl) dithiophosphate ligands and tw o nitrogen atom s from a phen ligand.

TheN i�S distances rang from 0. 2474( 2) to 0. 2505( 17) nm, and theN i�N d istances are 0. 2081( 4) and 0.

2090 ( 5) nm. The overall structure of adduct cons ists of 1D chain�pair and 1D double�stranded helical

chain, which formed from intermolecular!�! stacking, C�H!O and C�H!S hydrogen�bond ing interact ions.

They are further ex tended to 3D supramo lecular network v ia C�H!O hydrogen�bonding interact ions.

Key wo rds: O, O��dialkyldithiophosphate; nickel( II) adduct; synthes is; characterization; crystal struc�
ture
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� � Interest in the chem istry ofm etal com plexes ofO, O ∀ �
dia lkyldithiophosphates continues to grow due to extensively

em ployed as antiox idant and ant iwear additives in rubber

and lubricating o ils
[ 1�2]

. T he complexes exhibit rem arkable

variety in their coordination geom etries, m ono�, b i�, tetra�,
or polynuclear, and the O, O��dialkyldithiophosphate lig�
ands act asmonodentating, chelating, or bridging ligands in

these complexes
[ 3�8]

. Furthermore, the structures of theO,

O��dialkyldithiophosphates and the categories of the m etal

can bemodulated in an eas ily controlled manner to fac ilitate

the individual application. The coordination system ofn ickel

( II) is strongly dom inated bymononuclearity w ithO, O��di�
alky ldith iophosphates ligands, w itch is much different from

that of the readily�cluster�form ing m etals, cooper( I) , z inc

( II) and s ilver( I)
[ 6�8]

. And these square planar four�coor�
d inate nickel( II) complexes can be stab ilized by the form a�
t ion of five�and s ix�coordinate adducts w ith neutral donor

ligands, especially nitrogen bases, e. g. ethy lenediam ine

( en) , pyridine ( py ), quinoline, 2, 2��bipyridine ( bipy)

and 1, 10�phenanthroline ( phen). These n itrogen bases are

usually added to lubricat ing o ils when the m etal comp le�
xes ofO, O ��d ia lkyldithiophosphates serve as ant iox idant

add itives of lubricating oils
[ 9�10]

, thusm anym etal adducts

ofO, O ��d ialkyld ithiophosphates and nitrogen bases have

been synthes ized during the last two decade, but the al�
ky l groups o fO, O ��dia lky ld ith iophosphates in these ad�



ducts are very s im ple, such asM e, E t, n �Pr, i �Pr, n �
Bu and cyclohexthyl ect.

[ 9�16]
. H owever, only several m o�

lecular and crystal structures of nitrogen bases adducts o f

n ickel( II) com plexes w ith aryl dithiophosphates have been

reported, where ary ls are PhCH
2
CH

2
- [17�18] andp �M eC

6
H

4

-
[ 19�20]

, so further stud ies on the influences of arom at ic

m oiety to the coord inate behavior of nickel( II) are still nec�
essary. H ere we report the synthesis, characterization and

crystal structure of 1, 10�phenanthro line adduct of bis (O, O�
�di( 2�phenylethyl) dith iophosphato) nickel ( II) , N i[ S2P

(OCH2CH2Ph) 2 ] 2 � phen.

1 Experimental

1�1 R eagen ts and PhysicalM easurem en ts

M e lting po intwas determ ined on aWC�1 m elting point

apparatus w ithout correction. E lem ental analyses for carbon,

hydrogen, nitrogen and sulfur w ere carried out on a Carlo�
Erba 1106 elemental analyzer. T he infrared spectrum w as

taken on aN icoletMX�1 spectrom eter by usingKBr pellets.

T he U ltraviolet�v isib le spectroscopy in CHC l3 solution w as

obtained w ith a JascoV�570 spectrophotom eter. The therm al

analys isw as carried out w ith a Netzsch STA 409PC /PG in

dry atmosphere at a heating rate of 10# � m in
- 1

from 35#

to 700# . S ingle crystal X�ray diffract ion analys is was car�
ried out on an Enraf�Nonius CAD4 X�ray d iffractometer.

A ll the chem icals w ere of analyt ical reagent grade and

used d irectly w ithout further purification. The com pound

( PhCH2CH2O ) 2PS2NH2E t2
[ 21]

and the complex N i [ S2P

(OCH2CH2PH ) 2 ] 2

[ 22]
w as prepared accord ing to the litera�

turemethods.

1�2 Syn thesis

A solut ion of 0. 198g ( 1mmol) 1, 10�phenanthroline
( phen) in 10mL petroleum ether ( 90- 120# ) w as added

dropw ise to a hot so lution of N i [ S2P ( OCH2CH2Ph ) 2 ] 2

( 0�356g, 0. 5mm ol ) in 25mL petro leum ether ( 90 -

120# ) and 25mL acetone under st irring. The so lution w as

stirred at 40# for 30 m in, the green gelatinous precipitate

w as filtrated out and purified by colum n chromatography on

s ilica gelG ( V ( acetone) : V ( petroleum ether) = 2∃1 ).

T he bright green solution w as left to stand at room tem per�
ature, after tw o w eeks pale green prism atic crystals N i

[ S2 P ( OCH 2CH2 Ph) 2 ] 2 � phen ( 1) su itab le for X�ray
ana lys is were obtained. Y ield 45% , m. p, 150 -

152# . Ana.l ca1cd. for C 44 H 44 N2O4 P2 S4N :i C

57�85, H 4�85, N 3�07, S 14�04; F ound (% ) : C

57�95, H 5�02, N 3�13, S 14�35. UV�vis ( CH C l3 )

∀m ax: 382, 414, 661, 1122nm; IR: #m ax / cm
- 1

( KBr) :

3027 w, 2953 w, 2885 w, 1626 m, 1604 m, 1496 s,

1453 m, 1422 s, 1378 m, 1341w, 1086 m, 1057 s,

1028 s, 996 vs, 870 s, 850 s, 795 s, 727 s, 701 s,

670 s, 656 s, 601 s, 495 s.

1. 3 Crystallograph ic M easurem ents and Structure

Determ ination

A pa le g reen prism atic crys tal of adduct 1 w ith di�
m ens ions o f 0�35mm % 0�20mm % 0�15mm wasm ounted

on Enra f�Non ius CAD4 d iffractom eter equ ipped w ith a

graph ite�m onochrom at iced M o K ∃ rad iation ( ∀ =

0�071073 nm ) us ing the% /2&scan m ode at 290( 2) K.

A tota l of 8025 reflections w ere m easured in the range of

1�44 < &< 25�01 , of which 7178 were independent

w ith R int = 0�0021 and 3498 w ere observed w ith I >

2 ( I). The s tructure was solved by directm ethods us ing

program SHELXS�97[ 22 ]
and refined by full�m atrix least�

squares w ith an isotrop ic therm al param eters for the non�
hydrogen atom s on F

2
us ing program SHELXL�97[ 23]

,

spherical absorption correction w as carried out by program

W INGX ( Vers ion 1. 70. 01)
[ 24 ]

. A ll hydrogen atom swere

placed in the geom etrically idea lized pos itions w ith C�H =

0�093nm ( arom at ic), 0�099 nm (methylene) and refined as

riding w ithU iso (H ) = 0�00110nm2
( arylH ) and 0�00129nm2

(methyleneH ).

Table 1 Crystal data and structure

refinem en t of adduct 1

Em pirical formu la C44H 44N2N iO 4P2 S4

Form u la w eight 913�70
Tem perature /K 290( 2)

V olum e/nm3 4�429( 4)
C rystal system M onoclin ic

Space group P 21 /c

a /nm 1�0987( 9 )
b /nm 2�1432( 9 )
c /nm 1�9025( 5 )
� / (  ) 98�68( 4)
Z 4

∋ca lcd / ( g� cm - 3 ) 1�370
� /mm- 1 0�743
F ( 000 ) 1 904

C rystal size 0�35mm % 0�20mm % 0�15mm

h
m in

/ h
m ax - 13 /12

k m in / k m ax 0 /25

lm in / l max 0 /22

Reflect ion s collected 8025

Independen t reflet ion s 7178( R int = 0�0021 )

Data / restrain ts /param eters 7178 /2 /516

G oodness�of�fit onF 2 1�067
M ax. andm in. transm ission 0�8968, 0�7811
Refinem en tm ethod Fu ll�m atrix least�squares onF 2

R 1, wR 2 [ I > 2 ( I) ] 0�0577, 0�1282
R 1, wR 2 ( all d ata) 0�01492, 0�1581
Largest d if.f peak and hole /e. nm - 3 859 /- 478

w = 1 / [  2 (F o
2 ) + ( aP ) 2 + bP ]

a = 0�0619, b = 0�0000
P = (Fo

2 + 2F c
2 ) /3
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Table 2 Selected bond length s ( nm ) and

bond angles (  ) of adduct 1

� N i( 1) �N ( 1) 0�2090( 5) � S( 2) �P ( 1) 0�1972( 3)

N i( 1) �N ( 2) 0�2081( 4) S( 3) �P ( 2) 0�1975( 2)
N i( 1) �S( 1) 0�2474( 2) S( 4) �P ( 2) 0�1978( 2)
N i( 1) �S( 2) 0�24839( 18) N ( 1) �C( 1) 0�1337( 7)
N i( 1) �S( 3) 0�25065( 17) N ( 1) �C( 12) 0�1351( 7)
N i( 1) �S( 4) 0�24970( 18) N ( 2) �C( 10) 0�1332( 6)
S( 1) �P ( 1) 0�1974( 2) N ( 2) �C( 11) 0�1365( 6)
N ( 1) �N i( 1) �N( 2) 79�69( 16) S( 1) �N i( 1) �S( 4) 90�95( 5)
N ( 1) �N i( 1) �S( 1) 170�23( 12) P ( 2) �S( 3) �N i( 1) 82�52( 7)
N ( 2) �N i( 1) �S( 2) 95�09( 11) P ( 2) �S( 4) �N i( 1) 82�70( 7)
N ( 2) �N i( 1) �S( 3) 167�39( 12) N ( 2) �N i( 1) �S( 4) 97�30( 12)
N ( 2) �N i( 1) �S( 4) 90�19( 11) N ( 2) �N i( 1) �S( 1) 95�12( 12)
P( 1) �S( 1) �N i( 1) 84�49( 7) S( 2) �N i( 1) �S( 3) 94�54( 6)
P( 1) �S( 2) �N i( 1) 84�27( 8) S( 2) �N i( 1) �S( 4) 170�94( 5)
N ( 1) �N i( 1) �S( 2) 90�89( 12) S( 3) �N i( 1) �S( 4) 81�36( 5)
N ( 1) �N i( 1) �S( 3) 92�06( 12) S( 2) �P ( 1) �S( 1) 109�81( 10)
S( 1) �N i( 1) �S( 2) 81�27( 5) S( 3) �P ( 2) �S( 4) 111�21( 10)
S( 1) �N i( 1) �S( 3) 94�36( 6)

2 Resu lts and D iscuss ion

2�1 Crystal Structure

S ingle�crystal X�ray diffract ion analys is reveals that the

n itrogen base adduct 1 crystallizes in themonoclin ic, space

groupP 21 /c. TheORTEP view of 1 drawn at 30% probab il�
ity displacem ent ellipsoids and the packing diagram in a unit

are shown in F ig. 1, F ig. 2, F ig. 3, and F ig. 4 respectively.

T he crystal data and structure refinem ent for adduct 1 are

given in T able 1. T he selected bond lengths and angles o f

adduct 1 are g iven in T able 2. The hydrogen bond lengths

and ang les of adduct 1 are g iven in T able 3.

T he space groupP21 /c allow s the two expected opt ical i�

somers to be present in the crystal lattice. N i( II) ion adopts

a distorted octahedral geom etry w ith four sulfur atom s from

twoO, O��di( 2�phenylethyl) dithiophosphate ligands and two

n itrogen atom s of phen ligand. In adduct 1, the square planar

structure ofN i[ S2P(OCH2CH2Ph) 2 ] 2
[ 22]

has readily accom�

modated the bidentate phen ligand, w ith two nitrogen atoms

occupying cis �pos itions, while m aintaining the integrity o f

the two b identateO, O��di ( 2�pheny lethyl) dith iopho sphate

ligands. S mi ilar coordinat ion geometry is seen in som e six�co�

ordinate analogues complex or adduct, N i [ S2 P

(OCH2CH2Ph) 2 ] 2 � bipy
[ 17]

, N i[ S2P ( OC6H4�M e�p ] 2 �

b ipy
[19]

, and N i[ S2P(OC6H4M e�p ] 2� phen
[ 20]

.

In adduct 1, theN i– S distances range from 0�2474

( 2) to 0�25065( 17) nm, which are in the range of other

s ix�coordinate ana logues, N i[ S2P (OCH2CH2Ph) 2 ] 2 � bi�

py
[ 17]

( 0�2488 ( 5 ) to 0�2513 ( 5 ) nm ), N i [ S2P

(OC6H4M e�p ] 2 � bipy
[ 19]

( 0�24757( 7) to 0�25096 ( 6)

nm ), N i[ S2P ( OC6H4M e�p ] 2 � phen
[ 20]

( 0�2486( 1) to

F igure 1 Perspective view o f adduct 1 show ing 30%

probab ility the rma l e llipsoids

0�2532( 1) nm ) and N i[ S2P ( OM e) 2 ] � phen
[ 14]

( 0�247

( 1) to 0�252( 1) nm ). And theN i�S d istances in adduct1

arem uch longer than those in the square planar four�coordi�

nate N i [ S2P ( OCH2CH2Ph ) 2 ] 2 ( 0�22202 ( 11 ) and

0�22228( 13) nm )
[ 22]

, resulting from the change of coordi�

nat ion�geom etry and the increase in steric hindrance. The

N i�N distances are fairly smi ilar in adduct 1 ( 0�2081( 3)

and 0�2090( 5) nm ) which is also in good agreem ent w ith

the bond lengths found in these s ix�coordinate, N i [ S2P

(OM e) 2 ] � phen
[ 14]

( 0�208 ( 1) to 0�209 ( 1) nm ), N i

[ S2P( OCH2CH2Ph) 2 ] 2 � b ipy
[ 17]

( 0�2072( 13) to 0�2086

( 13) nm ) , N i [ S2P ( OC6H4M e�o ] 2 � b ipy
[ 19]

( 0�2060

( 1 ) to 0�2079 ( 1) nm ), N i [ S2P ( OC6H4M e�p ] 2 �

phen
[ 20]

( 0�2082( 3) to 0�2086( 3) nm ) . T he average dis�

tances of the four P– S bonds ( 0�1975( 2) nm ) in adduct

1 is shorter than that in N i [ S2P ( OCH2CH2Ph ) 2 ] 2
[ 22]

( 0�19889( 15) nm ), which shows that the increase in ster�
ic hindrance has no s ignificant influence on the part ial doub�

le bond character of these P– S bonds. A ll other bond dis�

tances are norm a.l

T heN1�N i�N2, S1�N i�S2 and S3�N i�S4 bite angles in

adduct 1 are smi ilar to the values found previously in the six�

coordinate adducts N i [ S2P ( OCH2CH2Ph ) 2 ] 2 � bipy
[ 17]

,

N i [S2P (OC 6H 4 �M e�o] 2 � bipy
[ 19]
, N i[ S 2P (OC 6H 4M e�p ] 2

� phen
[ 20]
, and N i [S2P (OM e) 2 ] � phen

[ 14]
, which are

79�69( 16), 81�27( 5) and 81�36( 5)  , respect ively. The

sma ll b ite ang les o f the phen andO, O��di( 2�pheny lethyl)

dithiophosphate ligands result in very acute bond ang les for

an octahedral geom etry. Th is distort ion is also reflected in

the bond ang les between the trans ligands. The S2�N i�S4

88 四川理工学院学报 (自然科学版 ) � � � � � � � � � � � � 2011年 2月



bond ang le is 170�94( 5)  compared to 170�23( 12) and

167�39( 12)  for theN1�N i�S1 and N2�N i�S3 bond ang les.

T he deviated of these ang les from idealized octahedral geom �

etry is also duo to the fact that two four�m ember chelat ing

rings occur for the chelatingO, O��di( 2�pheny lethyl) dithio�

phosphates while phen form s five�member chelating ring.

T herefore, sma ll bite angles for phen andO, O��di( 2�pheny�

lethyl) dith iophosphate ligands as w ell as four�and five�

m ember chelating rings lead to a very distorted octahedron

for adduct 1.

T he phen ligand and the nickel atom of adduct 1 lie

approx im ate ly in one p lane. A tom C2 show s a m ax im um

dev iation of 0�0075 nm from the least�squares chelating

plane. The atom P1 has am axim um dev iat ion o f 0�0013

nm from the least�squares chelat ing plane defined by at�

om sN ,i S1, P 1, and S2. The largest dev iat ion from the

least�squares chelating plane of N ,i S3, P 2, and S4 is

0�0128 nm for P2, m uch larger than that o f P1

( 0�00013 nm ) .

Interestingly, weak !�! s tack ing and hydrogen bond

interactions are found in the crystal structure. T here ex ist

w eak interm olecular C3�H ! S1
i
hydrogen�bond ing inter�

act ions [ symm etry code: ( i) : �1 + x, y, z ] betw een

m olecules hav ing the sam e configuration, w ith distance of

0�3761( 7 ) nm, wh ich is shorter than that in comp lex

[M n( NCS ) 2 ( E im ) 4 ] ( 0�3856nm, where E im is 1�

ethy limdazole )
[ 25]

. T he C3�H ! S1
i
hydrogen�bonding

interactions link them olecules into a 1D cha in along thea

�ax is, as show ed in F ig. 2. And inter�chain face�to�face

!�! stacking interact ions occur betw een arom atic r ings o f

phen ligands in the adjacent 1D cha ins, C4~ C7 /C11~

C12 and C4
i i
~ C 7

ii
/ C11

ii
~ C12

i i
[ symm etry code:

( ii) 1 x, y, z ] , w ith d ihedral ang les of 0�00 and in�
ter�planar d istance of 0�3604 ( 2) nm, centro id�to�cen�

troid distance of 0�3652 ( 4 ) nm, and s lippage d istance

of 0�0594 ( 3 ) nm. The inter�planar distance is shorter

than that in com plex Cu( phth) 2 (H2O )
[ 26]

( 0�3647nm ) and

[Co( p �ClC6H4CO2 ) 2 ( phen) (H2O ) 2 ]
[ 27]

( 0�3684nm ),

m eanwhile, the centroid separation is shorter than that o f

[ Zn(H2O) 6 ] (HL )
[ 28]

( 0�3672 nm, H2L is 1�( 4�hydroxyl�

pheny1) �5�th ioacetatetetrazo l). T hus a 1D chain�pair struc�

ture unit along the a �ax is is assembled through the inter�

chain !�! stacking interactions and w eak inter�cha in C9�H

! O4
ii i

hydrogen�bonding interactions [ symmetry code:

( iii) : 2�x, �y, �z, w ith distance of0�3415( 7) nm ] ( F ig.

2). An interesting feature of the 1D chain�pair res ides in

that a ll m olecules constructing a 1D cha in have the same

configuration and m olecules in the adjacent different 1D

chain have the apposite configuration.

Table 3 Hydrogen bonds length ( nm ) and

bonds angle (  ) for adduct 1

D– H!A
d (D– H )

/nm
d( H!A)

/nm
d( D!A )

/nm
& ( DHA )

/ (  )
C3�H! S1 i 0�093 0�2868 0�3761( 7) 162�74 ( 3)
C9�H!O4 ii i 0�093 0�2481 0�3415( 7) 177�56 ( 2)

C 34�H! S2iv 0�093 0�2958 0�3476( 6) 143�47 ( 3)

C30�H30A!O2v 0�097 0�2593 0�3469( 8) 152�23 ( 6)

� � * Symm etry transform at ion s used to generate th e equivalent atom s: :i

- 1+ x, y, z; ii:i 2- x, - y, - z; iv: 4: 1- x, - 1 /2+ y, 1 /2- z ; v:
2- x, - 1 /2 + y, 1 /2- z

Themost strik ing structura l feature of adduct 1 is that it

form s 1D helica l chain structure through potentially weak in�

term olecular C34�H ! S2
iv

hydrogen�bond ing interactions

[ symm etry code: ( iv): 1�x, - 1 /2 + y, 1 /2- z, w ith dis�

tance of 0�3476( 6) nm ] ( F ig. 3( A ) )
[ 29�31]

. Obvious ly,

the hydrogen bonds undoubtedly steer the rotat ion direction o f

the helix. The adduct 1 is uniform ly spaced column along the

b �axis. The nearest N i!N i distance w ithin the columns is

2�1432nm, and the repeating period in the helical chain is i�

denticalw ith the former. In addition, unlike themost doub�

le�helical complexes
[ 32�37]

, the adjacent helical cha ins in ad�

duct 1, one exhibit ing left�handedness and the other right�

handedness, are not entangled together but hydrogen bonding

which are alternatively offered by two helical chains to gener�

ate a 1D double�stranded helical cha in, as showed in F ig. 3

(A ). To illustrate th is clearly, the left�and right�handed hel�

ical cha ins are represented respectively in F ig. 3 ( B ), 3

( C ). Because left�handed and right�handed helical cha ins

coex ist in the crystal structure, the who le crystal ismesom er�

ic and does not exhib it ch irality
[ 38]

.

� � Furthermore, the another inter�chain C30�H30A!O2
v

hydrogen�bonding interact ions [ symm etry code: ( v): 2- x,

- 1 /2 + y, 1 /2- z, w ith d istance of 0�3469( 8) nm ] link

the 1D chain�pair and the double�stranded helical chain into

a 3D supramolecu lar network.

2�2 IR andUV�vis Spectra Studies

The IR spectrum of the nitrogen base adduct 1 shows two

strong intensity bands present at1057 and 996 cm
�1
are ass igned

to #[ (P) �O�C) ] stretching vibrations, while a strong band at

868 cm
�1
is ass igned to#[ P�O�(C) ] stretching vibration. Two

strong bands due to PS2 asymmetric and symmetric stretching

vibrations in the adduct are observed at 670 and 601 cm
�1
,

respect ively.
[ 17, 19]

The w eak band at 3027 cm
�1
m ay be
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Figure 2 1D cha in�pa ir struc tu re consist from !�! stacking, C3�H! S1i interac tions, and C9�H! O4ii i

interactions. ( A) , do tted line ind ica ting the hyd rogen bonds. ( B ) w ith pa rty o f pheny le thyl groups om itted for clear

Figu re 3 ( A) 1D doub le�stranded he lica l cha in form ed
by C34�H! S2iv hydrogen�bond ing in te ractions,

( B ) le ft�handed, and ( C) righ t�handed ( phen ligands
and pa rty o f pheny le thy l groups om itted for cla rity)

assigned to the unsaturated C�H bond stretchingvibrations

of the phenyl group and 1, 10�phenanthroline ligand. T he

bands at 1604, 1494, 1453 and 1422 cm
�1
m ay be at�

tributed to the skeleton vibrations o f the pheny l group and

1, 10�phenanthroline ligand, but the bond at 1626 cm
�1

duo to #( C= N ) stretch ing vibration of phen ligand
[ 15]

.

T heUV�vis spectrum of the adduct 1 in CHC l3 is shown

in F ig. 4. The adduct shows an absorption bond at 268 nm

that can be attributed to ligand absorption band and /or lig�

and�to�m etal charge transfer band ( LMCT ). A s expected

for h igh�sp in octahedral N i( II) complex, spin allow ed d�d

bands are observed at 661 and 1122 nm that are assigned to

the
3
A2g∋

3
T1g ( F ) and

3
A2g ∋

3
T2g ( F ) trans ition, respec�

t ively. A weak band at 900 nm is duo to the spin�forbidden
3
A2g∋

3
E1g trans ition. The bands at 382 and 414 nm are at�

tributed to the third d�d (
3
A2g∋

3
T1g ( P ) ) ford

8
octahedral

N i( II) complex.
[ 19, 39]
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Figure 4 U ltravio le t�v isib le spectroscopy o f adduct 1

2�3 Therm al Analysis

F ig. 5 indicates the TG�DSC curves at atm osphere from

35# to 700# . T he adduct 1 has a sharp endotherm ic peak

and has no w eight loss at 152�3# , which is attributed to

heat�absorb ing o f adduct 1 m elting. The adduct 1 beg in to

loss at 179�0- 279�0# correspond ing to two 2�phenylethyl�

oxyl groups ( ana.l 25�46% , calc. 26�52% ) , wh ich is as�

signed to the second weak broad endotherm ic peak at

206�7# . Then the w eight loss of 18�22% for the adduct 1

at 297�0- 422�0# corresponding to 1, 10�phenanthroline

ligand ( calc. 17�09% ) , which is assigned to the first exo�

therm ic peak at 379�4# and the third endotherm ic peak at

387�9# . And last, the continuousw eight loss for adduct 1

is observed above 422�0# corresponding to remov ing the

res idua l organic ligands cont inuous ly and there isn�t thermo�

effect any more at DSC curve.

F igure 5 TG�DSC curves o f adduc t 1

3 Conclus ions

A n itrogen base adduct 1, 10�phenanthroline bis (O, O�

�di( 2�phenylethyl) d ithiophosphato ) nickel ( II) , N i [ S2P

(OCH2CH2Ph) 2 ] 2 � phen( ( ) has been synthes ized. X�

ray crystallography show s that adduct 1 consist of 1D chain�
pair and 1D double�stranded helical chain, which form ed

from !�! stacking of phen ligands and hydrogen�bond ing in�

teractions of C�H!S and C�H!O. they are further extend�
ed to 3D supram olecular network by C�H ! S hydrogen�

bonding interactions.

Note:

Crysta llog raphic da ta excluding structure factors for the structura l

ana lysis has been deposited w ith the Cambridge Crysta llograph ic D ata

Center as supp lem entary pub lication N o. 774426 for adduct 1. Cop�

ies of the data can be obta ined free of charge v ia http: / /

www. ccdc. cam. ac. uk /depos it. h tm l ( or from The D irec�

tor, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, by

Fax: 0044- 1223- 336- 033 or E�m ai:l depos it@ ccdc. cam.

ac. uk).
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1, 10-林菲啰啉 �双 (O, O�-二 ( 2-苯乙基 )

二硫代磷酸 )合镍 ( II)的合成与晶体结构

谢 斌
1, 2
, 邹立科

1, 2
, 赖 川

3
, 黄 春

3
, 王 军

1, 2
, 相阳光

3

( 1. 四川理工学院功能材料研究所, 四川 自贡 643000; 2. 绿色催化四川省高校重点实验室, 四川 自贡 643000;

3. 四川理工学院材料与化学工程学院, 四川 自贡 643000)

摘 � 要 : 在石油醚和丙酮溶液中, 配合物 N i[ S2P ( OCH2CH2 PH ) 2 ] 2与 1, 10�邻菲啰啉 ( phen)

反应得到了绿色的氮碱加合物 1, 10�林菲啰啉 �双 (O, O��(二 2�苯乙基 )二硫代磷酸 )合镍 ( II) ,

用元素分析、紫外 �可见光谱、红外光谱、热分析和 X�射线单晶衍射进行了表征。加合物属单斜晶
系, P 21 /c空间群。晶胞参数为 a = 1. 0987( 9) nm, b = 2. 1432( 9) nm, c = 1. 9025( 5) nm, �= 98.

68( 1)  , V = 4. 429( 4) nm
3
, Z = 4, Dc = 1. 370M g /m

3
, F ( 000) = 1904, � = 0. 743mm

- 1
, 可观测

衍射点为 3498, R = 0. 057, wR = 0. 1492 ( I ( 2 ( I) )。加合物为畸变八面体构型 ,配位原子来自于

两个 O, O��二 ( 2�苯乙基 )二硫代磷酸根的 4个硫原子和配体 phen的 2个氮原子。N i�S键的键长
在 0. 2474( 2) �0. 2505( 17) nm范围内 , N i�N键的键长分别为 0. 2081( 4) nm和 0. 2090( 5) nm。因

分子间存在 !�!堆积、C�H!O和 C�H!S氢键作用,加合物的晶体结构形成了一维链对和一维双

链螺旋链。一维链对和一维双链螺旋链通过 C�H!O氢键作用进一步延展为三维结构。

关键词 : O, O��二烃基二硫代磷酸 ;镍 ( II)加合物; 合成; 表征;晶体结构
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