This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L NN A L= A
SRCGEHOSCO DA
| 3
PTattarc
L4” 1.\.\_ 8

Exbir: Mok C. Mkl

Infrared and Raman Spectra of Sulfur-Nitride Complexes of Nickel(I) and

Palladium(IT)
D. T. Haworth? G. Lin®
* Department of Chemistry, Marquette University, Milwaukee, Wisconsin, U.S.A.

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Haworth, D. T. and Lin, G.(1979) 'Infrared and Raman Spectra of Sulfur-Nitride Complexes of
Nickel(IT) and Palladium(II)', Spectroscopy Letters, 12: 6, 451 — 465

To link to this Article: DOI: 10.1080/00387017908069172
URL: http://dx.doi.org/10.1080/00387017908069172

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387017908069172
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:20 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 12(6), 451-465 (1979)

INFRARED AND RAMAN SPECTRA OF SULFUR-NITRIDE COMPLEXES OF NICKEL(II)
AND PALLADIUM(IT)

D. T. Haworth and G. Lin
Department of Chemistry
Marquette University

Milwaukee, Wisconsin 53233
U.S.A.

KEY WORDS: IR Spectra, Raman Spectra, Sulfur Nitride Complexes,
Normal Coordinate Analysis

ABSTRACT

The infrared and Raman spectra of tnanA-Ni(SzNZCH3)2 and
Pd(S3N)2 were measured from 4000-200 cn~!.  The absorption bands
were assigned by comparison to the sulfur nitride complexes of
nickel(II), palladium(II) and platinum{II). Normal coordinate
analyses on these complexes were carried on these data using
molecular parameters taken from X-ray data. To aid in band assign-
ments, isotope shift data on tnan5-62N1(52N20H3)2 have also been

carried out.
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INTRODUCTION

In a previous paper we have reported on the infrared and
Raman spectra of sulfur nitride square planar complexes of the
type M(SpNoH)2 with M is nickel, palladium and platinum (1). It
was shown by the normal coordinate analyses that the vibrational
modes associated with the sulfur nitrogen rings were strongly
coupled. This data was also used to support an infrared study of
the Pt(SpNoH)2, Pt(SpNpH)(S3N) and Pt(S3N)2 complexes (2). This
paper reports on two other sulfur nitride complexes, trans-
Ni(SaN2CH3)2 and Pd(S3N)2, and makes use of the normal coordinate
analysis technique combined with isotope shift data on

62Ni(SzN2CH3)2 to support assignments.

EXPERIMENTAL
1. tnans-Ni(SoNaCHz)o

Trans-Ni(S2NpCH3), was prepared by reacting Ni(SoNpH)o with
KOH and methyl iodide in tetrahydrofuran (THF) (3). The
Ni(SpNoH)p was prepared as previously described (4,5). The THF
was removed on a rotary evaporator and the residue was extracted
with hot benzene. The combined benzene extracts were placed on an
acid washed alumina column and the first eluate (green) contained
sulfur and SqNg4. This was followed by a red fraction,
Ni(SpNoH)(S3N), and then after ca. 3 hr a green fractjon,
Ni(SpNaCH3)p. A blue fraction, Ni(SoNaCHa)(SoNoH) and a violet

fraction, Ni(SzNzH)g were eluted with acetone. The blue and green
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fractions were further purified by chromatography followed by re-
crystallization from benzene. Ni(SpNaCHz)p, mp 194°C (1it. mp
194°C(3))5 Ni(SoN,CH3) (SpNoH), mp 144°C (1it. mp 144°C(3)).

The 62Ni(52N2CH3)2 was prepared from 62Ni(52N2H)2, whose
synthesis was previously described (1).

2. Pd(S3N),

This compound was prepared by reacting PdCly and SgNg in
methanol (6). After removal of the solvent followed by washing
with water to remove chloride ion the product was dried in vacuo.
The dry solid was taken up in cyclohexane and chromatographed on a
s{lica gel-G column. The eluted blue solution was evaporated to
ca. 5 mL and after ca. 12 hr Pd(SaN)z precipitated, mp 178°C
(1it. mp 179°C (6)).

3. Spectral measurements
The infrared of the compounds were recorded on a Perkin-Elmer

1

FIS-3 far i.r. spectrophotometer from 410-33 cm™' as nujol mulls

on a polyethylene plate. The compounds were also run on a Beckman

IR-12 i.r. spectrophotometer from 4000-200 cn”!

using the KBr
pellet technique. Raman spectra were recorded on a Spex Model

1401 double monochrometer equipped with an ITT FW-130 phototube.

NORMAL COORDINATE ANALYSES

The normal coordinate analysis on this complex was carried

out on a model of c2h symmetry. The molecular parameters used
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for this NCA were taken from the results of X-ray analysis (3).

The twenty-seven normal vibrations can be classified into
9Ag+3Bg+5Au+10Bu; the Ag and Bg are Raman active whereas the Au
and Bu modes are infrared active. In this treatment we have in-
cluded all in-plane (Ag and Bu) vibrations. The programs written
by Schachtschneider (7) were used in this work. The twenty-eight
in-plane internal coordinates are shown in Table 1. The out-of-
plane and torsion coordinates are not shown. These twenty-eight
internal coordinates can be divided into twelve stretching and
sixteen bending modes. The symmetry coordinates for trans-
Ni(SzNZCH3)2 are shown in Table 2. Seven redundancies are includ-
ed in the twenty-six symmetry coordinates. They were not easily
eliminated and were included in the NCA calculations. Final re-
sults gave zero frequencies corresponding to these redundancies.
The calculated force constants; stretching (K), bending (H) and
repulsive (F) are displayed in Table 3. The interaction force
constants (f) are not shown. Table 4 Tists the observed and cal-
culated spectra for InanA-Ni(SzNZCH3)2 and its 62Ni analog.

Shown also are the potential energy distribution (PED) and the

predominant modes.

2. Pd(S3N)2
The normal coordinate analysis on this- planar complex was
carried out on a model of c2v symmetry. The molecular parameters

used for the NCA were taken from X-ray analysis (8). The twenty-
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TABLE |

Internal Coordinates for Ni(S_N_CH.)

22 32
“cu3 d
8 m, Nghz r . ) 52 1 N3
\\\JL\ I
n, //////// N: \ "
7" ) ; "2 r;\\ N m K
1
1
IOCH3
2-1-9 = =, 3-4-5 = B
6-1-5 = n, 7-8-9 = 8,
2-1-5 = o 4=5-1 = a
6-1-9 = o 8-9-1 = a,
1-2-3 = ¢, b-5-10 = ¢,
1-6-7 = 6, 8-3-11 = 4,
2-3-h =y, 1-5-10 = o,
6-7-8 = v 1-9-11 = o
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TABLE 2
Symmetry Coordinates for N'(SZNZCH3)2
Ag: : = AR‘ + AR2 58 = Aﬂl amy - Ae‘-Ae2
, = Ary +ar, Sg = A8, + 868,
' 3 = 4d + ady 510° by, *+ &1y
y = Omy + am, 5= AB, *+ BBy
5 = An, + an, 19 Aa, ba, - A4 =Ad,-b0y=Ro,
g = 8hy + sh, Sy3= 8¢, ~ 8o, - Bo +as,
g =Tt amy £8,+A8,
But Sy, &Ry -8R, Spq7 8my - Amy - 80, %4,
157 Ay T Any S22= 88y - 86y
167 84y 7 A4, S23% &Yy = A7y
177 Ay - oam, Say™ 48y - 8By
18- A"l = An2 525- Aa.I Aaz - A¢1+A¢2-Apl+Ap2
S19” &hy - 8y S26™ 84y * Loy - B0y
= Ar - An + A6 A8
20 1 2 1 2




04:20 30 January 2011

Downl oaded At:

SULFUR-NITRIDE COMPLEXES

(o]
Force Constants {(mdy/A) for Ni(SZNZCH

TABLE 3

3);

457

K{Ni-S)
K(Ni-N)
K(S,=N;)
K(S5-Ny)
K(Ny-S5)
K(N-C)
H(S-Ni-N)
H(S-Ni-N)
H(Ni-S5-N)

H(S-N-5)

5.40
3.32
2,65
6.20

0.15

S

H(N-S-N)
H(Ni-N-S)
H(S-N-C)
H(Ni-N-C)
F(s-$)

F (N-N)
F(Ni-S)
F(s-C)

F(Ni-C)
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one normal modes are classified as 8 Ay + 3 Ap + 3 By + 7 By and
all modes are infrared and Raman active except A2 which is only
Raman active. In this treatment only the in-plane (A] and B,)
modes were considered and these twenty-two internal coordinates
are shown in Table 5. The twenty-one symmetry coordinates as

shown in Table 6 include five redundancies which were not easily

TABLE 5

Internal Coordinates for Pd(S3N)2

IN—22__ 6 §2—1_\3
e
ny Pf "
R —
2-1-6 = I 2-3-4 = Y,
5-1-9 = 1, 6-7-8 = v,
2-1-5 = 8, 3-b4-5 = By
6-1-9 = 6, 7-8-9 = 8,
1-2-3 = §, b=5-1 = a,
1-6-7 = & 8-9-1 = a,
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Symmetry Coordinates for Pd(S3N)2

461

Ar: S|=AR]+AR2 Sg=AT) +4l1y-40) - 40,
52=Ar3+Arh S7=A6]+A62
S3=Am|+Am2 58=AY]+AY2
Sh=An‘+An2 59=AB|+A82
Sg=Ad)+Ady Sjo=Aay+Aa,

By:  Sp=OR;-4R, SI7=AH!-AH2-A91+A82

| Sy,=by3mhny 51g=08,-46;
S]3=Am]-Am2 S‘9=Ay]-Ay2
$,,=8n;~4n, S90=081-8,
S|5=Ad|-Ad2 52]=Aa]-Aa2
$16=A1) ~All,+AB =48,
eliminated and were included in the calculations. These gave

zero frequencies in the final results.

The calculated force

constants; stretching (K}, bending (H) and repulsive (F) are

shown in Table 7.

The interaction force constants (f) are not

shown. Table 8 shows the infrared and Raman spectra for Pd(S3N)2,

the predominant modes as well as the percent potential energy dis-

tribution {PED).



04:20 30 January 2011

Downl oaded At:

462

Force Constants (mdy/A) for Pd(S3N)2

TABLE 7

]

HAWORTH AND LIN

K(Pd-$;) 1.08 H(S-N-5)
K(Pd-$5) 0.98 H(N-5-5)
K(Sy-N;) 5.50 H(pd-s-5)
K(N,-S,) 2.68 F($1-5;)
K(S2-$3) 1.52 F(5)-S3)
H(s-Pd-S§)  0.90 F(Pd-N)
H(s)-Pd-S3) 0.90 F(sy-5,)
H(Pd-S-N)  0.20 F(N-S)
F(Pd-s)
1 1 1 1
N s N
N
Pd
__/\S !
3 3 3 2

0.90
0.30
0.76

0.29

0.42

0.20

RESULTS AND DISCUSSION

Replacement of the N-H hydrogens of ciA-Ni(SzNzH)z with

methyl groups results in a trans-Ni(SyNpCH3), (See figure in

Table 3). Two of the three ring S-N stretching modes are similiar

to those found in cis-Ni(SpNyH)s: v(s]-N1), 1032 em™! and
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v(N-S9), 717 cm". The v(Nz—Sz) band is shifted from 890 cm-‘

in cia-Ni(S,N,H), to 834 cm™! in rans-Ni(S,N,CH3),. Most bands
in tnanA-Ni(SzNZCH3)2 as well as in ciA—Ni(SZNZH)Z are strongly
coupled. The metal isotope substitution NAN1/62N1 is expected to
shift all the metal-nitrogen and metal-sulfur stretching modes.

It is particularly significant that the calculations due to
62y isotope substitution are in good agreement with those ob-
served for the Ni-N and Ni-S stretching and skeletals bending
modes (Table 4). Band assignments for the observed frequencies
and isotopic shift are in good agreement and show an average error
of less than one percent.

For planar Pd(S3N)2 (See figure in Table 7) the ring S-N
assignments can be compared to our previous synthesis and infrared
study of Pt(S3N), (2). In the platinum complex v(S]-Nl) is
shifted from 1025 cm'] to 1050 cm-] in the palladium complex. The
v(N]-Sz) vibration shows a small change shift, 712 em™1 for plati-
num to 700 cm'] for the palladium complex. While no NCA was
carried out on Pt(S3N)2, the Pd(S3N)2 complex shows strong cou-
pling for most of the stretching and bending modes. Band assign-

ments show an average error of 0.05 percent.
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