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The complexes [CH3P(CeHs)y1,M(CNS), (M =
Ni, Pd, Pt) have been prepared and characterized. The
structures of these complexes are markedly metal ion
and physical state dependent. All of the complexes
are square planar. In the solid state the nickel
complex is trans-L,M{NCS), (by crystal structure
analysis), the palladium complex is trans-L,Pd(SCN ),
and the platinum complex is cis-L,Pt{NCS), (both
determined by infrared spectroscopy, including inte-
grated intensity measurements). Fourier transform
phosphorus nmr spectra on chloroform solutions at
ambient temperature indicate that for the platinum
complex, all six possible isomers are present in solu-
tion in the relative ratios.: trans-L,Pt{NCS),: trans-
L,Pt{(SCN)(NCS): trans-L,Pt(SCN),: cis-L,Pt{NCS),:
Cis-L,Pt{SCN),: cis-L,Pt{SCN)(NCS): 0.38:0.57:0.38:
0.34:0.28:1, respectively. For the palladium
complex, under similar conditions, all of the isomers
but cis-L,Pd(SCN)(NCS) are present, with trans-L,-
PA(NCS), and cis-L,Pd(NCS), predominant in a ratio
of 0.15:1, respectively. The relative population of cis
isomers decreases in the sequence Pd > Pt > N, and
the relative population of mixed linkage isomers
decreases in the sequence Pt > Pd > Ni. The differen-
ces in the structures are discussed in light of current
theories.

Introduction

Recently, there has been increasing interest,
[3-15], including considerable fascination and no
little controversy [6, 7], in the ambidentate bonding
capabilities of the thiocyanate ion (CNS™). This
interest has been caused by this ion’s ability, under
various conditions, to coordinate to metals through
the nitrogen atom, through the sulfur atom or
through both as a bridging species. It has variably
been proposed that steric effects [6, 16], electronic
effects [17, 18] or a combination thereof [5, 7] pre-
dominantly determine the thiocyanate bonding mode.
In the past, the d® transition metals, specifically
nickel, palladium and platinum, have been most often

selected to probe this bonding behavior [3—15].
Among studies of the complexes possessing the
general formula L,MX, to date, the nickel complexes
have also evoked considerable interest because they
exhibit interesting structural isomerism (square planar
and tetrahedral). When X = CNS~ these nickel
complexes are invariably trans-square planar with the
thiocyanate being N-bound [5]. When X is a halide,
equilibrium mixtures [19] of square planar and tetra-
hedral complexes result, even in the solid state.
Similar L,MX, palladium and platinum complexes
exhibit mixtures of cis- and trans- square planar iso-
mers in solution.

Therefore, the potential for several geometries
exists among the L,MX, complexes of the metals
in the nickel triad. To date there have been very few
studies on isoelectronic, potentially isostructural
thiocyanate complexes of these three metals. It has
been demonstrated from the plethora of investiga-
tions [5] of these types of complexes that in the
nickel complexes, the thiocyanate is N bound but
palladium and platinum are schizophrenic, exhibiting
both bonding modes, often simultaneously in a single
complex. This schizophrenia seems to be more pre-
valent for palladium than for platinum and it seems
that the palladium complexes are generally the most
sensitive to minor effects on the bonding mode of the
thiocyanate anion. In an effort to extend the present
knowledge concerning the effects of the thiocyanate
anion on the structures of d® metal complexes and of
the metal on the thiocyanate bonding mode, we have
prepared the homologous series of nickel triad metal
complexes having the general formula [CH3P(C,-
Hs),1,M(CNS), (M = Ni, Pd, Pt). Studies have been
conducted taking into consideration both solid state
and solution structures. The results of these studies
are reported herein.

Experimental

Chemicals used were reagent grade and were used
as received, or were synthesized by standard methods.
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TABLE 1. Physical Properties and Infrared Spectral Data® for the Complexes, (MePPh, ), M(CNS),.

SNCS (em™})  wML{(em ™ Y)

vCS (cm ™)

AXLT*M T em™)

or ISR?*

Arvyp (cm_l )

»CN (cm™ Yy

State

MP °C

Color

M

N-bound

485 351

862
862
755

1.92
20

38
35
22
58
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CHCl4

Red
Red

Ni
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Ni

315

458
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149

219 Nujol 2115

Yellow
Yellow

Pd
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2085

CHCl4

314,303

447,438
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880

1.16
8.2

35,20
52
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CHCly
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Pt

internal standard ratio referenced to salicylic acid.

ISR
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The complexes were synthesized by metathesis of the
corresponding chloro complexes [23] with KSCN in
methanol/chloroform. The physical data for the com-
plexes are given in Table I. Melting points were deter-
mined on a Meltemp melting point apparatus and are
uncorrected. Satisfactory elemental analyses were
obtained for each complex by Chemalytics, Tempe,
Arizona.

Infrared and nmr spectra were obtained as describ-
ed previously [24]. Integrated intensities of the CN
stretching absorptions were determined by literature
methods [25].

Crystal Data

Well formed dark red crystals of Ni(NCS),(PPh,-
Me), were grown from chloroform by slow evapora-
tion. A crystal of approximate dimensions 0.4 X 0.2
X 0.2 mm was selected. Preliminary oscillation photo-
graphs indicated that the compound crystallized in
the triclinic crystal system. Final unit-cell parameters,
obtained from a least-squares fit of 26 values for
fourteen independent reflections (MoKa radiation, X =
0.70954 A) at 25 °C, yielded a = 9.862 * 0.023 A,
b=11.041 £0.023 A, c=6.988 +0.016 A, a= 99.98
t 0.22°, f=97.45 + 0.22°, y = 109.21 £ 0.20°, tri-
clinic, P1.

Collection and Reduction of X-Ray Intensity Data

The crystal was mounted using nail polish as glue
on a copper wire and placed in a goniometer head.
Data were collected at room temperature using a
technique described by Rohrbaugh and Jacobson
[26]. Within a 20 sphere of 68° (sin 8/A=0.79 A™)
all data (6164 reflections) in four octants were
measured using an w-scan technique. Of these, 2939
were considered observed (>3.0 og ). The intensity
data were not corrected for absorption due to the
small absorption factor 4= 9.37 cm!. The estimated
error in each intensity was calculated by

0% = C, +Cy +(0.03C,)? +(0.03C,)? +(0.03C,),

where C,, C,,, and C, are the total count, background
count, and net count, respectively, and the factor
0.03 represents an estimate of nonstatistical errors.
The estimated deviations in the structure factors were
calculated by the finite difference method [27].
Equivalent data were averaged, yielding 2755 inde-
pendent data.

Solution and Refinement of Structure

Statistical tests indicated the presence of a center
of symmetry. The occurrence of one molecule per
cell (deg1e = 1.37 g/cc) implied that the position of
the nickel atom was restricled by space group sym-
metry to be at the origin. The positions of the
remaining atoms were found by successive structure
factor [28] and electron density map [29] calcula-
tions. In addition to positional parameters, the aniso-



Thiocyanate Complexes

TABLE II (a). Positional Parameters® for Ni(NCS); (PPh,-

Me),.

Atom X y z

Ni 0 0 0

S 3102(2)° 1802(2) 6006(2)
P ~305(1) 1904(1) ~166(2)
N 1158(5) 713(4) 2429(7)
c 1971(5) 1181(5) 3940(7)
Me —388(7) 2286(7)  —2579(9)
c11 ~1996(5) 1888(4) 575(7)
c12 —2532(6) 1136(6) 1853(10)
c13 —3836(7) 1102(8) 2461(12)
Cl4 —4601(6) 1812(7) 1715(11)
C15 —4070(7) 2574(8) 440(11)
Ci6 ~2785(6) 2609(6) ~140(9)
c21 1128(5) 3326(4) 1430(7)
c22 938(6) 3978(6) 3192(9)
c23 2102(7) 5009(6) 4451(10)
C24 3435(6) 5399(5) 3956(9)
C25 3653(6) 4756(6) 2234(10)
C26 2515(6) 3727(6) 967(9)
H1 ~39(7) 323(7) —235(10)
H2 48(8) 220(7) ~302(10)
H3 ~122(8) 157(7) ~350(11)
H12 ~199(7) 63(7) 233(10)
H13 —429(8) 36(7) 327(11)
H14 ~557(8) 182(6) 210(10)
H15 —464(8) 308(6) 15(10)
H16 ~233(D) 323(7) ~112(11)
H22 0(8) 371(6) 350(10)
H23 189(7) 546(7) 555(11)
H24 426(7) 617(7) 488(10)
H25 461(8) 503(6) 193(10)
H26 273(7) 316(7) —27(11)

%The positional parameters are in fractional unit cell coordi-
nates (X104), except for hydrogens (X 103). bIn this and
succeeding tables, estimated standard deviations are given in
parentheses for the least significant figures.

tropic thermal parameters for all non-hydrogen atoms
were refined by a full-matrix least squares procedure,
minimizing the function Zw(|F,1—|F,)?, where
w = 1/6%, to a final conventional discrepancy factor
R=Z ||F, | —=F,Il/Z |F,1= 7.5%. The scattering factors
used were those of Hanson et al. [30], modified for
the real and imaginary parts of anomalous disper-
sion [31].

The final positional and thermal parameters are
listed in Table II. The standard deviations were cal-
culated from the inverse matrix of the final least-
squares cycle [32]. Bond lengths and bond angles are
listed in Tables III and IV, respectively and an
ORTEP drawing of the molecule is given in Figure
1[33].
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Results and Discussion

There are six possible square planar isomers for
the complexes L,M(CNS),, viz. cis and trans N-
bound, cis and frans S-bound and cis and frans mixed
linkage isomers and three possible analogous tetra-
hedral isomers. The nickel complex exhibits only one
of these possibilities both in solution and in the solid
state, that being frans-L,Ni(NCS),. The solution
infrared data (Table I) are in agreement with the solid
state infrared data in supporting this conclusion. Un-
fortunately, this conclusion could not be supported
by solution nmr data due to the combination of limit-
ed solubility and the presence of some paramagnetic
material in solution. Because of this difficulty and the
inherent uncertainties in the infrared criteria for the
structures of complexes of this type [5], an X-ray
structure determination was performed on this com-
plex, the details of which are given in Tables II-1V
and Figure 1. Structural data on similar nickel com-
plexes containing either phosphines or the thiocyan-
ate ion are listed in Table V.

There are several interesting points regarding the
structure of [CH3P(CgHjs),],Ni(NCS),. Although not
required by steric or other apparent reasons, the
complex has an exact center of symmetry. TheSCN—
Ni-NCS moiety is also linear within experimental
error. In fact this seems to be unique among the
complexes listed in Table V. All other nickel thio-
cyanate complexes display Ni-N—C angles which are
significantly less than 180°. This complex also
possesses the shortest Ni-N bond length of the thio-
cyanate complexes while the Ni-P bond length
appears to be normal.

The following points concerning the data in Table
V should be noted:

1. The nickel-phosphorus bond lengths span the
limited range of 2.14-2.18 A (a 6% change) while the
nickel-halogen or pseudo-halogen bond lengths span
a much greater range 1.69-2.55 A (a 34% change).
Even the Ni-N bond lengths in the isothiocyanate
complexes change from 1.8-2.15 A (a 16% change).

2. The P-Ni—X angles vary considerably from
87.8-110.4°,

3. The Ni--N==C bond angles change considerably
from 140 to 176.1°,

4. The coordination geometry and coordination
numbers are variable and encompass square planar
and tetrahedral (4 coordinate), trigonal bipyramidal
and square based pyramidal (5 coordinate), and
pseudo octahedral (6 coordinate).

Thus the possibility for manifestation of steric
effects on the thiocyanate bonding mode and on the
coordination geometry can be clearly established
by determining the particular structure, angles and
distances adopted. It seems imminently clear that,
for nickel, when steric effects become important they
are accomodated by a change in coordination number
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TABLE 1I (b). Thermal Parameters? for Ni(NCS), (PPhyMe),.

Atom B B2 B33 12 P13 B23

Ni 101(1) 98(1) 216(2) 36(1) -2(1) 10(1)
S 141(2) 173(2) 228(3) 17(1) -14(2) 27(2)
P 102Q1) 98(1) 216(3) 36(1) 17(1) 27(1)
N 138(5) 1104) 263(10) 434) —25(6) 1(5)
C 118(5) 104(5) 249(12) 28(4) 20(6) 28(6)
Me 169(8) 150(7) 248(13) 62(6) 43(8) 50(7)
Cl1 105(5) 108(5) 249(11) 374) 19(9) 23(6)
C12 141(7) 144(6) 359(17) 46(5) 84(9) 74(8)
C13 159(8) 187(9) 397(20) 35(7) 112(11) 52(11)
Cl4 108(6) 179(8) 417(20) 45(6) 48(9) —11(10)
Cl15 142(7) 225(10) 383(19) 103(7) 48(10) 60(11)
Cl6 146(7) 179(8) 317(15) 85(6) 53(8) 69(9)
C21 110(5) 99(4) _256(11) 394) 28(6) 37(6)
C22 117(6) 135(6) 308(14) 28(5) 38(7) 2(7)
C23 158(8) 153(7) 314(16) 41(6) 24(9) —38(8)
C24 131(6) 108(5) 359(17) 26(5) 14(8) (D
C25 120(6) 131(6) 382(18) 12(5) 35(8) 26(8)
C26 127(6) 143(6) 311(15) 33(5) 45(8) 13(8)

2The Bjj are defined by: T = exp {~(h2311 + k2 B2 t 121333 + 2hkgBy + 2hlgy3 + 2k1{i23)}. For all hydrogen atoms an isotropic
thermal parameter of 4.0 A® was assigned.

TABLE 111. Bond Distances (&) for Ni(NCS); (PPh;Me),. TABLE IV. Bond Angles (Deg.) for Ni(NCS), (PPh;Me),.

Ni-N 1.802(4) €24-C25 1.36709) P-Ni-N 91.6(3) HI2-C12-C11  118(4)
Ni-P 2.240(1) C25-C26 1.374(8) Ni-N—C 176.1(5) H12-C12-C13  121(4)
N-C 1.159(7) C26—C21 1.392(7) N-C-S 178.8(8) H13-C13-C12 117(4)
P-Me 1.806(6) Mo2 0.98(7) Ni-P—C11 109.7(2) H14-Cl14-C13  123(4)
P_Cl1 1.805(5) Mo_H3 0.99(7) Ni-P-C21 113.6(2) H14-C14-C15  117(4)
P_C21 1.798(2) Cl2-112 0.96(6) Me-P—Cl11 1063(3)  HISCI15-Cl4  112(4)
Cl1-C12 1363(8) C13-H13 1.08(7) Me—P-C21 104.04)  HISCI15-Cl16  128(4)
C12-C13 1.397(9) Cla-ni1a 1.03(6) C11-P—C21 106.6(3) H16-C16-C15  121(3)
C13-C14 1372(11) Cl5-115 0.94(7) P-C11-C12 119.3(4) H16-C16-C11  118(3)
C14-C15 1.366(10) Clé-H16 1.09(7) P-C11-C16 122.04)  H22-C22-C21  118(4)
C15-C16 1.371(8) C22-H22 0.94(7) Cl16-C11-C12  118.7(5)  H22-C22-C23 121(4)
Cl6—C11 1.390(8) 23123 0.93(7) C11-C12-C13  120.9(7) H23-C23-C22  117(4)
C21-C22 1.382(8) C24-124 1017 C12-C13-C14  119.2(7) H23-C23-C24  123(4)
C22-C23 1.386(8) C25_H25 0.95(7) C13-C14-C15  120.4(6)  H24-C24-C23  119(4)
C23-C24 1.353(8) C26-H26 1.07(7) Cl14-C15-C16  120.0(6) H24-C24-C25  121(4)

C15-C16-C11 120.8(6) H25-C25-C24 119(4)

P-C21-C22 122.3(4) H25-C25-C26 120(4)

P-C21-C26 119.2(4) H26-C26-C25 120(4)

C26-C21-C22 118.3(5) H26-C26-C21 120(4)
or geometry and not by a change in thiocyanate C21-C22-C23  120.5(6) P—Me—_H1 105(4)
bonding mode. In short, nickel remains a hard acid in C22-C23-C24  120.2(6) P-Me-H2 105(4)
spite of steric effects and one must conclude that C23-C24-C25 120.3(6) P-Me-H3 108(4)
electronic effects are more important in determin- C24-C25-C26  120.5(6) H1-Me-H2 114(5)
ing the thiocyanate bonding mode to nickel than are C25-C26-C21  120.2(6) H1-Me-H3 119(5)
steric effects. H2-Me-H3 105¢6)

The palladium complex [CH3;P(C¢Hs),],Pd-
(CNS), appears [25], from infrared data (Table I),
to exist as a single isomer in the solid state; that being
trans-L,Pd(SCN),. Upon dissolution in chloroform
the infrared data suggest that at least the
predominant species is trans-L,Pd(NCS),, which in
turn suggests that linkage isomerization occurs upon

dissolution. The proton nmr spectra are of little assis-
tance in assigning the solution structure, as two broad
singlets appear for the P—CHj; resonances at §2.03
and 62.23 and neither resonance clearly shows evi-
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TABLE V. Representative Crystal Structure Data for Nickel Complexes.
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Compound Ni-P (A) Ni—X (A) LPNiX ) (LNINC ®) Reference
NiBr, (PEt3), 2.26 2.30 90.31 - a
Ni(CN), (PMe; Ph); 2.223-2.261 1.836, 1.860 87.8-92.4 - b
NiCl, (PPh3), 2.28 2.27 - - c
NiBr, (PPhs), 2.323,2.343 2.346, 2.329 101.8-108.3 - d
NiBr, (PBzPh, ), 2.263 2.305 92.7 - e
Ni(NCS), (PMePh,), 2.240 1.802 91.6 176.1 f
Ni(NCS), (en), - 2.15 - 140.0 g
Ni(NCS); (SC(NH3 )2 )5 - 1.992(7) - 162.2 h
Ni(NCS), (H,NCSNHNH; ), - 2.04 89.9 175.0 i
Ni(NCS); (CHs N3 S), - 2.05 - 173.3 j
) 2.19-2.21% 2.451,2.553% 86.5-134,54
NiBrz (PMe3)s 2.20-2.21" 2.426, 2.580" 86.3-132.3Y - k
NiBr, ((Bu'); PF), 2.232 2.288 92.0 - 1
w w

NiBr(oCgFs }(PPh,Me), 2.2164, 2.2148 f:gzggx iggij?g;x m
NiCl, (Cg Hi4 PPh), 2227 2.166 90.29 - n
NiCl, (C;H140,PPh), 2.254,2.245 2.175,2.167 87.6-92.4 - o
a-Ni(trien)(NCS), - 2.083 - 171.5 p
[Ni(N 3P)Br| PBhy 2.141 2.298 89.7 - q
No(N3)(NO)(PPh3), 2.306, 2.257 2.02Y 95.3-102.4Y

1.69% 101.1-110.4% !
[Ni(bdma)NCS] PF¢ 2.206 1.848 - 168.5 s

3G. Giacometti, V. Scatturin and A. Turco, Gazz. Chim. Ital., 88, 434 (1958).
G. Garton, D. E. Henn, H. M. Powell and L. M. Venanzi, J. Chem. Soc., 3625 (1963).
Mais and P. G. Owston, J. Chem. Soc. 4, 1473 (1968).

1090 (1969).

bJ. K. Stalick and J. A. Ibers, Inorg. Chem., 8,

93, A.J. Jarvis, R. H. B.

eSquare Planar Form: B. T. Kilbourn, H. M. Powell and J. A. C. Darby-

shire, Proc. Chem. Soc., 207 (1963). Tetrahedral form: B. T. Kilbourn, H. M. Powell and J. A. C. Darbyshire, J. Chem. Soc. A,
1688 (197). T his work. 5B.W. Brown and E. C. Lingafelter, Acta Cryst., 16, 753 (1963). By Nardelli, F. Gasparri, G. G.
Battistini and P. Domiano, Acta Cryst., 20, 349 (1966). 'J.Garaj and M. Dumaj-Jurco, Chem. Comm., 518 (1968). M. Dunaj-
Jurco, J. Garaj and A. Sirota, Coll. Czech. Chem. Comm., 39, 236 (1974). kH. B.Grayetal., J. Am. Chem. Soc., 96, 4428 (1974).
lW. S. Sheldrick and O. Stelzer,J. Chem. Soc. Dalton, 926 (1973). ™M. R. Churchill, K. L. Kalraand M. V. Veidis, Inorg. Chem., 12,
1656 (1973). BA. E. Smith, Inorg. Chem., 11, 3017 (1972). °A. T. McPhail and J. C. H. Steele, J. Chem. Soc. Dalton, 2680
(1972). PA. Clausen and A. C. Hazell, Acta Chem. Scand., 24, 2811 (1970). 4y, Bertini, P. Dapponto, G. Fallani and L. Sac-
coni, Inorg. Chem., 10, 1703 (1971). ). H. Enemark, Inorg. Chem., 10, 1952 (1971). SA. Bianchi and C. A. Ghilardi, J.
Chem, Soc. A, 1096 (1971). u’vComplex exists as two discrete trigonal bipyramidal structures in the crystal lattice. X =
Br. *X=C¢Hs. YX=N;. ZX=NO.
Notation used:
Reference

j CHsN3S = thiosemicarbazide

OMe

o L= MeOE f

P
L

¢

trien = NH, CH, NHCH, CH, NHCH, CH, NH,
q PN3 = bis(2-ethylaminoethyl)(2-diphenylphosphinoethyl)amine
s bdma= (th PCH,CH3), NCH;OCH:.;
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Figure 1. The [CH3P(CgHs), ]2 Ni(NCS), molecule showing
50% probability ellipsoids; 30% for hydrogen.

dence of spin coupling. The proton spectrum does,
however, indicate that more than one species is
present in solution. The *'P nmr spectra give much
more information. They demonstrate that five
isomers are present in CDCl; solution. The 3P chem-
ical shifts (relative intensities) and assignments are as
follows: —816.47(0.17) cis-L,Pd(SCN),, —611.53(1)
cis-L,Pd(NCS),, —58.81(0.15) trans-L,Pd(NCS),,
—86.59(0.017) trans-L,Pd(SCN)(NCS) and —52.89-
(0.023) rrans-1,Pd(SCN),. These assignments were
made using the relationships noted elsewhere [10, 15
34] for 3P chemical shifts for similar complexes.
Thus the *'P data agree with the infrared data regard-
ing the predominant bonding mode (NCS), but the
infrared data is unable to distinguish between the
cis and trans geometries. The lack of apparent spin
coupling in the proton nmr spectra is then explain-
ed on the basis of the P-CH; resonances being the
superposition of virtually coupled multiplets, repre-
senting the five isomers.

The platinum complex appears from infrared [25]
data (Table I), to be a single isomer in the solid state,
that being cis-L,Pt(NCS),. The solution infrared
data suggest that the thiocyanate is nitrogen bound
but that the dominant species is trans-L,Pt(NCS),.
Thus upon dissolution in chloroform, geometric
isomerization without linkage isomerization is
indicated by the infrared data. The proton nmr
spectra in CDCl; exhibit three 1:2:1 triplets for the
P—CH; resonances, representing three distinct trans
isomers at §2.36, 2.22 and 2.12 with | 2Jpyg+*Jpy | =
7 Hz for each triplet and a broad unresolved multi-
plet centered at 61.90 representing an indeterminable

C. C Fuller and R. A. Jacobson

number of cis isomers. Once again the >'P nmr
spectra provide much more information. They clearly
demonstrate the presence of all six possible isomers.
The 3'P chemical shifts (relative intensities) Jpyp
coupling constants and assignments are: —§7.33-
(0.38), 2450, trans-L,Pt(NCS),; —85.36(0.57), 2395,
trans-L,Pt(NCS)(SCN); —53.48(0.38), 2345,
trans-L,Pt(SCN),; —83.09(0.34), 3410, cis-L,Pt-
(NCS),; —82.59(0.28), 3500, cis-L,Pt(SCN), and an
AB quartet with 6, 7.19 and 8y 10.83, Jpp not
observed and 2Jpp = 30 with relative intensity of 1.
Thus the bonding mode in CDCl;, as determined by
3P nmr, is approximately equally divided between
N-bound and S-bound and the geometry is approx-
imately half cis and half frans. However the infra-
red data indicates only N-bound thiocyanate and
trans geometry. This is a clear indication of the pit-
falls in relying on infrared criteria for structural
assignments of complexes of this type. The P
assignments are made using the relationships noted
elsewhere [10, 12, 15, 34] for 3P chemical shifts,
the geometry dependence [35] of 2Jpp and the geom-
etry relationships [36] of Jpp.

Though it is clear, from the number of isomers
present in solutions of the palladium and platinum
complexes, that a detailed solvent study would yield
valuable information, this has not been attempted for
these two complexes because of limited solubility.
Studies of this type are being completed on similar
but more soluble complexes and the results will be
reported in a future publication.

It is noted from the above data that the relative
isomer populations in solution are markedly metal-
dependent. The cis isomer population decreases in
the sequence Pd > Pt > Ni and the mixed linkage
isomer population decreases in the sequence Pt >
Pd > Ni. Another important observation to consider
in attempting to rationalize the above behavior is that
for an analogous complex [21] [CH3P(C4Hs),],-
Pd(NCO),, only two isomers are present in CDCl,
solution, namely cis and trans L,Pd(NCO), in the
relative ratio of 0.11::1. Under the same conditions,
the ratio of c¢is and trans L,Pd(NCS), is 1::0.15,
respectively. Thus, for palladium, changing the anion
from NCO™ to NCS™ causes a complete inversion in
the relative isomer stabilities. For a similar platinum
complex [12] [CH3P(C,H;),],Pt(NCO),, only the
cis isomer is observed in solution. On the other hand
with L,Pt(CNS), we find that the cis and ¢rans iso-
mers have approximately equal abundances.

In attempting to assess the relative importance of
factors influencing the structures of the L,M(CNS),
complexes, the following points should be consider-
ed. 1) Ni®" is intrinsically “hard” while Pd?" and Pt**
are intrinsically “soft”. Thus, in the absence of other
effects [5], nickel should favor M—NCS bonding
whereas palladium and platinum should favor M—SCN
bonding as is found [5] for the isoleptic complexes,
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[M(CNS),]1?". 2) Steric effects on the CNS bonding
mode are maximized in the trans isomers and anti-
symbiotic electronic effects are maximized in the cis
isomers. Thus steric effects favor the trans isomers
and N-bonding, and electronic effects favor the cis
isomers and N-bonding if L is a phosphine [4], or
S-bonding if L is an amine [4]. 3) For the isomeriza-
tion process cis-LyM(SCN), = trans-L,M(SCN), or
cis-L,M(NCS), = trans-L,M(NCS), in solution,
AHgona [20, 21] and AHggyation [20, 21] should
favor the trans isomers. AS will be more important
for the S-bound pair than for the less polar N-bound
pair. We have consistently shown that, for palladium
complexes, the isomerization process is entropy
controlled (but see reference 21) and that the major
contributors to AH and AS are the solvation terms
{20]. It is for these reasons that the more polar [4]
NCS ion reverses the predominant geometry relative
to NCO in the two palladium complex. 4) Internal
bond energies will be dependent upon the o-donor-7-
acceptor properties, trans influences of the ligands
and steric repulsions. Usually, it has been assumed
that m-acidity decreases in the order PR3 > SCN >
NCS. The trans influence of the ligands decreases in
the order PRy > SCN > NCS according to X-ray data
{14, 37]. Also the trans influence increases in impor-
tance from the first to the third row of the transition
series {18]. 5) Non polar solvents should favor the
trans S-bonded complexes. 6) Packing factors and
internal bond energies should be dominant in the
solid state.

Collectively, these considerations suggest the
following conclusions. For the nickel complexes,
electronic effects are much more important than
steric effects and consequently the “hard” nickel
atom will bond to the nitrogen end of thiocyanate.
When steric effects become large, the gross geometry
or coordination number will change but not the thio-
cyanate bonding mode. For platinum complexes,
where the geometry is constrained to be square
planar, steric effects are perhaps slightly more
important than electronic effects and platinum will
bond to the sulfur end of the thiocyanate ion, unless
steric effects force N-bonding to occur. Palladium is
schizophrenic and steric and electronic effects are
finely balanced for this metal. There seems to be no
intrinsic preference for N-bonding or S-bonding and
subtle changes in either steric or electronic effects
will tip the balance and determine the thiocyanate
bonding mode as well as geometry in any individual
case.
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