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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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- G.P. TO3LX) and by. the Lawrence Radiation Laboratory, Inorga.nic Materials
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ABSTRACT

The crystal and molecular structu.res of tetra,phenylarsohium bis-(N-cyano-
dithiocarbimato)nickelate(II) have been determined by a siﬁgle crystal X-ray
diffraction investigation. The substanc':e cryétauizes in ﬁhe triclinic space
group Al and has dimensions & = 10. 50 A, b = 16.90 A, ¢ = 13.63 A, a = 90.029,
B = 101.74° and y = 89.51°, The ca.lcula.teq and measured densities are:

1.48 g. cm™ 3 = 1,51 £ 0.0k g. cm™® for 2 = 2. The structure

Poale = } Ppeas

-~ : was refined by f‘u].'L matrix least square procedures to an R-factor of O. 3%
X } using 1671 statistically significant reflections collected by a 6/28 scan
' technique on an automated diffractometer. The nickel atom is surrounded by

o
& planar set of four sulfur atoms at an average distance of 2,188 A. The
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- transition metalv compiex has virtually Cah point sme’cry’ and 1ts. overall

structure confirms the conclusions previously put f@rward by Packler and

_COucouvanis and i)y Cotton é.nd McCleverty as to thq_ n_ature of _ﬁhe 0282N22° : ' &r/ .
ion and its» metal complexes. It is, as proposed, the N«-cyanodithiocarbimdte | |
don, [ g>c =N-C=s N]3-. Compa;rison' of the present structure with that

-of bis-(diethyldithiocarbamato)nickel(II) corrorborates the prevailing view

that there is appreciable double bond qhara._cter in the C=N bond in this and

other complexes of dithiocarbamates.

INTRODUCTION
Transition metal complexes of the N—cyanocarbimat'e ion [SaCaNg]a",
have been prepared in séveral la.bc‘.tra.tories.‘2'3 Fack.lér and (‘:oucou\'ra.nisa | |
(2) F. A. Cotton and J. A. McCleverty, Inorg. Chem., 6 229 (1967). |
(3) (a) J. P. Fackler, Jr. and D. Coucouvanis, Chem. Comm., 556 (1965).
(b) J. P. Fa.ckler, Jr. and D. Coucouvanis, J. Am. Chem. Soc., ?2,’
3013 (1966). |

J

-have prepared and characterized ti-ansition metal complexes with the genéra.i
class of 1,1-dithioanionic ligands, [S2C = XJ°". In perticular, they
prepared the N-cyanocarbimate ligand via the reaction of CSz with (NCN)2™.
In our J.abo::-a.tory‘2 the N-cyanocarbimic acid and anion were prepared utilizing

the reaction of xanthane hydride (I)*’5 with bage.® Originally* a cyclic 1,/
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S -':_‘j...f(s) A. Hordvik, Acta. Ghem.;?Scand., .i% 2575 (1963) e

R (6) A Ticteoher, fm, ,12, 204 (1875)

"a”i_‘structure (II) was proposed for the N«-cyanoca,rbz.mte anion. Later, however,
o _ Ha.ntzsch and WOlveka.mp proposed a nonecyclic structure (III) ’ mmly because
i (7) A ‘Hantzsch and M. Wolvekaup, ibid., 351, 265 (190k). -

W

N

(ﬂ.l

(mn @
\-) ' such a structure appea,ra more consistent with the forma,tion of Cu( 11),

Pb(II) and Ag(I) complexes.e_ The observationa’ b o sha.rp strong bands in



the 1nfra.ied spectra of various complexes at‘ ~ 2180 cm™! supports structure

III.

Although the evidence just summarized is all indicative that a structure Lo

of type III is correct and that the [SgCNCN]aj- ligand chelates through its
: two sulfur atoms, there has‘been no unequivocai probf .of' this. . Furthermoi'e, )
even if we assume that this type of stmcture‘is correct, it is of interest
to know whether it is best represented i:y III, by .IV or v'by somethihg inter~
mediate. -

A gingle crystal X-ray diffraction stﬁdy of a representative complex,
[Ni(S2CNCN)2)3", in the form of its tetraphenyla.rsonium. 5a1t3P was therefore

carried out. The results are reported here.

PROCEDURE

Data Collection. - Crystalsof tetraphenylarsoﬁium bis-(N-cyanodithio=

carbiméto)nickelgte(ll) s (dda)éNi( S2CNCN)2, were obtained by slow evaporation
of a methanol solution. A well-formed“cryst'a.l approximately 0.2 X 0.2 x 0.3 mm
was mounted along the a* axis. Systematic absences hkg for: k+2=2n+1

{ indicated. the épace group as Al or Al. .Using a General Electric XRD-6
automated diffractometer with Mo Ko radiation (\Km = 0.70926), the cell
dimensions a = 10.495 * 0.030 X, b= 16.903‘.11 0.030 X, ¢ = 13.635 i 0.0k0 X, '
@ = 90.02 % 0.05%, @ = 101.74 t"o.'o7°,and y = 89.51 % 0.07° were determined®
(8) The uncertainty glven represents the precision of the diffractometer

data points used to calculate the cell constants.

de o wRnleky
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- at about 25°C." The density, o =1, 51 . 0. Oh g cm

| cm'3 assuming two molecules per unit cell.

. above backgroucd (6 < 0.5, and 0

e -  UcRL-18249

-3

s measured by _fhlf“""

eas

| flotation compares satisfactorily with a calculated value p cale = 1. h8 g-. _f'(faf'

Using Zr filtered Mo Ka radiation 24770 independent reflections were
collected by a 0/20 scanning technique. Using a 4° takeoff angle, 2.66° ' ~

was scanned in 40 seconds while background was counted for 20 seconds on

leach side of the peak. Of these reflections 1671 were accepted as statistically -

(Peak + Background)l/z/(Peak - Background)
These data were corrected for Lorentz and polarization factors. The morphology
of the crystal was determined by optical techniques and transmission facters
were calculated” for each reflection using a linear absorption coefficient

(9) C. W. Burnham, "Computing Transmission Factors of Crystals 6f Essentially

Arbitrary Shape for the IBM 709/7090 (GNABS).

1l

B =20.7cm - The resulting date were used as input for computing the

Patterson function.

Solution and Refinement of the Structure. From a three-dimensional

Patterson function™ the positions of the mickel atom, both arsenic atoms and
(10) W. G. Sly, D. P. Shoemaker and J. H. Van den Hende, "A Two- and Three-

Dimensional Fourier Progrem for the I.B.M. 709/7090 (ERFR-2), (1962).

'
L LT T YT Yy

the four sulfur atoms were determined. The Patterson function could only
account for the above atoms in the space group Al with the nickel at the
origin of the unit cell. It seemed safe to assume AL as the correct space group,

since only the phenyl rings on different arsenic etoms could reduce the symmetry

to Al. The subsequent successful. refinement confirmed the choice of AI.



Using nickel, arsenic and two sulfur atoms (all other atoms of. these

kinds are related by symmetry) the signs of the observed Stnficture amplitudes'.vff;;;;"

were calculated!! and used in synthesizingia a three-dimensional Fourier

(11) A. Zalkin modification of "Ganzel-Sparks-Trueblood Full Matrix Least
Squares Program for the cre 6600 (LS200)," unpublished. This
program minimizes the function Ew(lF I-1r, )2,

(12) A.Zalkin, "Fourier Data Processing Program for the CDC 6600 (FODAP),
unpublished. |

map employing the atomic scattering factors of Toers'3 corrected for the

(13) (a) J. A. Ibers in “International Tables for X-ray Crystallography,
Vol. III, Kynoch Press, Birmingham, England, 1962, p. 202.
(v) Ibid., page 216.

real and imaginary components of ancmelous dispersiono13b All other atoms

-in the structure were then found. ‘ | | )
Reasonable isotropic temperature factors were assigned to all atoms

and two cycles of least squares refinement11 of the overall scale factor

and ‘the positional coordinates of all atoms except Ni at (0,0,0) was carried

out minimizing Re = [Zuf |F°|-|Fc|)2/)‘.‘.w|Fo|2]l/ 2. |F,| and |F_| are the

observed and calculated structure amplitudes, and the weights, w, were all

taken as unity. At this point the residual, Ra, was 0.386. Four cycles

B R _i«: j} | UCRL~182&9»€fi;;ft<

‘(j\.
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| of‘ least squa.res refinement of the isotropic temperatu.re Pactors ’ posu:ional o
pa.rameters and overall scale fector reduced Ra to O. 116 'J.‘he structure
~could be cons:.dered refined to its isotropic 1imit. The isotropic temperature

" factors for all atoms, however, were uniformiy high.

Anisotropie temperature factors of the' form exp‘n(anha + ngka + Beaza +

Qﬂlghk + 2By she + eaaakz) were introduce& for all atoms except the 2L phenyl

carbon atoms. Table I records values of Bi = 4B i J/a. .a¥* 5 where a*i is

the length of _the ith reciproca.l a.xis. Six cycles of least squares refine-

| . ment of all pa.rameters reduced the (unit weighted) Ro to 0. 091+ There were

no anomalous isotropic or anisotroplc temperature factors, though both were
5ti11 somewhat high. “

A weighting scheme based on the Cruickshank criterion” that wa® be
(14) D. W. J. Crulckshank in "Computing Methods in Crystallography,"

'J. S. Rollett, Ed., Pergamon Press, New York, p. 113 (1965).

constant for all ranges of data was devised as follows: for ¥, | = 166,
o= (0. 211|F | + 50):"/2 for |F | > 166, o= (k. OSIF | - 593)1/2. Four cycles
of least squaresrefinement of all parameters caused no significant shift in
the parameters but caused a 10-15% decrease in the estimated standard devia-
tions.

A final difference Fourier map revealed no disorder ar;d no peaks greater
than 1.5 e/A%. At this point the unit weighted Ra had converged to a final
value of 0.093. The weighted Rp was not calculated by the least squares

program used,

D EESEENRE. UCRL-182L§
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RESULTS |
Stereographic plot315 of the complex anion and the tetraphenylarsonium
1 (15) C. K. Johnson, "A Fortran Thermal- Elltpsoid Plot Program for Crystal |

Structure Illustrations (ORTEP), " (1965)

cation are shovm in Figs. 1 and 2 respectively. Each atom is represented
. by the ellipsoid of.ifs thermal vibration tensor.
Table I lists the calculated structure factors and the observed A

structure amplitudes. The positional parameters and isotrcpic temperature.

- factors are listed in Tgble II while the anisotropic temperature factors

are tabulated in Table III.
Table IV lists all ‘salient bond distances and bond angles according

to the numbering schemes of Figs. 1 and 2.

DISCUSSION
The structure of the [Ni(S2CNCN)>J*~ ion shows that the dithiocarbimate
ion does, as the name was chosen® to suggest, have a structure of the type

III (or IV). The detailed dimensions!® can be accounted for by assuming

(16) Becduge of the standard deviations of 0.03 X in the C to N distances
and 2-3° lnvthe angles at such atoms, together with the fact that
no corrections have been made for the effect of the rather large
amplitudes'of the thermal vibrations, restraint must be exercised in

discussing the finer 1mplication§ of the dimensions.
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that I]I_v f‘airly well describes the éleétroh disti'ibntion..

The C(1)-N(1)-C(2) and N(.l).~C(2)~N(2) angles, 115(2)° ana 173(3)°,
respectively are equally ‘consistent with IIf[v or IV, but the C( 1)-N(1),

N(1)-c(2) and ¢(2)-N(2) distances, 1.29, 1.3k and 1.17 A, respectively

. clearly favor the predominance of III. In particular, the "eyano” C(2)-

. o) : o]
N(2) distance, 1.17(3) A, is close to the typical value, 1.16 A, for C = N,

. o :
whereas for C = N a considerably longer bond, ~ 1.35 A, would be expected.”, ’

(17) Typical bond lengths or bond 1engths in other compounds'cited without

explicit reference are from "Tables of Interatomic Distances and
Configuration in Molecules and Ions_“ and !'Interatomic.Distances
Supplemént, " L. E. Sutton, Ed., Speci.a,l Publications Nos. 11 and 18,

-The Chemical Society (London), 1958 and 1965.

"It is of particular interest to compare the [Ni{SaCNCN)»13" ion with the
N,N-diethyldithiocarbamate complex of nickel, Ni[SzCN(CzHs)zls, the structure

of which has recently been described.}® There are no significant differences

(18) M. Bona.mico, G. Dessy, C, Mariani, A. Vaciago and L. Za.mbonelli,
Acta C_z_'xst., 19, 619 (1965).

_ between any of the corresponding distances or angles in the central

Ni( SaCN)2 portions of the two molecules. Thus, if the dithiocarbimate ion

in its complex is best represented by III as compared to IV, then it follows
t



that, as Chatt, Duncanson and \!’e_na._nzi18 first iiroposed oxj the basis of
(19) J. Chatt, L. A. Dunca.nson and L. M. Vena.nzi, Nature, 177 10k2 (1956), .

idem., Suomen Kem., B29, 75 (1955)

"infrared evidence, the electronic structures of M(szclmg)a complexes are
1ndeed described by a hybrid of V a.nd VI in which V greatly predomina,tes.

| ".l‘here is structural evidence to show that the coppera° and z:.:ncal dithio-

~(20) m Bonamico, G. Dessy, A. Mignoli, A. Vaciago and M. Zaubonelli,
Acta Cryst., 19, 886 (1965). '

N . (21) M. Bona.mico, G. Ma.zzone, A. Vac:la.go and L. Za.mbonelli, ibid., 19

898 (1965).

carbamates closely resemble Ni[S2CN(CoHs)zlz, while with xanthates the

canonical form corresponding to VI seems to predominate.22

(22) M. Pranzini, Zeits. Krist., 118, 395 (193).

The bond distances and angles in vthe (Cerls)4As+ ion are all close to the
normal, accepted values.!” However, the angles of rotation of the four
phenyl groups about their respective As-Cil-Cil axes are such that the
(%Hs)4As+ ion does not approximate to any symmetrical conformation (S\;ch

as Dad or 84). In some other cases such high symmetries have been found?® 2+

-10- © ucRL-1Beb9



:_(25) F. A. cotton and S. J. Lippa.rd, g. Che.m. » 5, h16 (1966)

._(26) J.vG. Bergma.n, Jr. a.nd F. A. Cotton, i'bid., 5, 1420 (1966)
e : such a usef'ul cation for o‘bta.ining crystalline salts of le.rge, irregu.hrly
f:,;.v.sha.ped anions. _‘
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: TABLE o
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Fractional COOrdinates and Isotropic Tenperatura Factors

‘Atom . -
SN

5(1)
s(2)

1)

N(1)
c(2)
N(2)
As

c(11)

c(12)
¢(13)
c(1%4)
¢(15)
c(16)
c(21)
c(22)
c(23)
- ¢(2k)
c(25)
c(26)
¢(31)

T oc(32)

c(33)
C(34)

- for Atoms in the Asymmetric Unit®

X

0,0

0-0h95(6)

1 0.,0154(6)
- 0.0587(17)
0.0893(17) |
- 0.1276(22)
- 0.1628(20)
- 0.4773(2)

0.3399(18)
0.3100(23)
0.2073(23)

© 0.1507(23)

0.1819(23)
0.2778(21)
0.4901(19)
0.3826(19)
0.3915(22)
0.5053(22)

0.617k(22)

0.6044(21)
0.6361(20)

'0.6428(21)

0.7677(26)
0.8743(25)

0.0

0.9856(3)
0.8709(4)

0.8871(13)
0.3282(11) .

0.3477(15)

0.3566(13) -

0.4318(1)

10.3735(11)

0.3893(13)
0.34h6(24)

- 0.2858(1k)
0.2711(14)

0.3149(12)
0.4087(11)
0.4260(12)
0.4090(13)
0.3765(13)
0.3619(13)

0.3788(12)

0.4ok2(12)
0.3438(13)
0.3212(15)
0.3635(15)

z

0.8529(4)

‘ o.9921(h)
- 0.8767(18)

0.3257(14)
0.2414(19)
0.1662(16)

- 0.7709(1)
0.8058(1k)

0.8966(27)
0.9288(17)

' 0.8639(18)

0.7729(18)
0.7421(16)
0.6381(1%4)
0.5587(15)

- 0.4612(16)

0.4432(17)

0.5188(17)

0.6185(16)
0.8577(15)
0.9244(17)

0.9860(19)
0.9791(19)

9.6(4)
11.8(5)
11.7(5)
12.0(6)
11.9(5)

10.9(5)

9.5(4)

10.3(4)

1°.2(5) .
11.2(5)
11.4(5)

©10.9(5)

10.4(5)
11.2(5)

- 12.7(6)

12,5(6)



0.9118(28)
0.8476(17).
0.7870(1k) <=9,
0.834k(25)

0.8420(17) - - :
0.8045(16) *+ 11.1(5)
0.7569(26) | 11.3(5)
O.THT6(15) .0 20.8(5) - o

0.5654(12)

© . (a) Pigures in parentheses are estimated standard deviations - ..

 occurring i the last significent figwe:




| _o 75(15)

‘_-o'.' 5'0( 1&) ,

s5008) 0
'i'-"';_ji"'o 69(2“) 2 26(23) 0 90(21‘) R

| ':j_;jg<a);;;:;f{‘,_g.omu)
e 3(9)j?

‘:51°'9“2’ B oox® L) new)

N 1020100 9900 10.3(10) © -0.5(8)  2.6(8)  -0.28(8)
Lc@) "37;10-0(32) 1‘*-‘*(17).'_"§2?3f 9.6(12) ©-0.6(11) ' 0.8(20)  1.3(12)
N;(_?) ',__2._“'_:11.3(12) 1h.3(.1h) - 10, 2(11) A_"‘.f_"-o.h(lo) 1.6(9)' _' © =0.2(10)

-__(a.) Figures in pa.rentheses a.re estimated. standard devia.tions occurring

R

in the 1ast sigmfica.nt figu:re.

L R

8 58(31) :“"-.1.23(26) 2 73(?6) ©1.00(25)



Ring,n C(n1)-c(n2) C(n2)-C(n3)

1
2

3
N

AVé .

. ,-;6-

. TABLE IV

: : : o
A. Bond Distances in A

‘Ni-S(1)
Ni-s(2)
8(1)-c(1)
L sz)-o()
c(1)-N(1)

| . N(1)-¢(2)

2,185(8) . c(2)-N(2)-
2.192(7) As-C11

- 1.69(2) .' As-C21
L(3) Ao
;.29(5) : As-chl :

1.34(3)

o Bond Diétanqes and Bond Angles® -

_ 1.17(3)
. 1.89(2)
1.88(2)

1.89(2)

| 1.86(2)

UCRL-18249

1.36(3)  1.46(3)

1.42(3)  1.38(3)

T 1.36(3) - 10“'5(5)
1.38(3) 1.39(3)
1.38 1.42

o(n3)-C(nk) C(nk)-c(n5) C(n5)-C(n6) C(n6)-c(n1)

1.39(3)

1.38(3) |

1.35(4)
1.37(3)
- .37

1.37(3) 1.39(3)

1.b2(3) ¢ 1.k2(3)

1.36(3) 1.42(3)
L4L3)  1.38(3)
1.39 . 1.k

1.39(3)
1.37(3)
1.43(3)
1.44(3)

1.k1

"j- (a) Pigures parentheses are estimated standard deviations occurring in the last

significant figure.

~
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. TABLE IV (continued)

" Be Bond Angles in Degrees

S(1)- M -s(1)  1.2(2)  c(1)-M(1)-c(2)  115(2)
Ni-s(1)-c(1) 86.9(8) N(l)-c(2)-N(2) - 1713(3)
Ni-§(2)-C(1) - 85.5(8) Cll- As =C21 110(1)

- 8(1)-c(1)-5(2) ,108(1);  Cl1- As -C31 | 110(1)
O Meo()-N(1)  am(2) Cl1- As -Cb1  106(1)
Co8(1)-c(1)-N(1)  132(2) cel- As -C31  109(1)
- 's(a)-c(l)-N(l)' 120(2) - (21= As =Ci1 ’112(1)
C31l- As -Chl 111(1)

&mg,“%ﬂs“” «%&%w% C(n3)-C(nk)- dﬁbgwh dﬁ%ﬂﬁ% ¢(n6)-C(nl)-

| ¢(n5) ¢(n1) ¢(n2)

B B :120(2) 3_16(2) 124(2) 120(2) 118(2) - 123(2)
2 .120(2) 119(2) 22) 116(2) 121(2) 121(2)
3 120(2) 119(2) 122(2) - 120(2)  19(2) 120(2)
L 120(2) = 123(2) 1;8(2) 121(2) '119(2) 119(2)'

ave. 220 . 19 12 & 19 19 - 121

Ringn  As-C(n)-C(r2)  As-C(n1)-c(n6)  As-C(nm1)-C(nk)

1 117(2) S o) a77(3)
2 ‘ 119(1) 120(2) | 179(1)
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,

- or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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