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This complex was prepared by the method of Curtis.® [Ni-
(1,4-CTH] (ClOy), was prepared by the metal-promoted con-
densation of tris{ethylenediamine)nickel(II) perchlorate with
acetone. The product was subsequently oxidized to [Ni-
(1,3,7,11-CT)] (ClOy4)s with concentrated nitric acid. The final
product was precipitated with an acetone-ether solution, re-
crystallized from a 1:4 acetonitrile—ethanol solution, and dried
in vacuo. Anael. Caled for CiHxN(NiCLOs: C, 35.97; H,
5.24; N, 10.49; Cl, 13.30. Found: C, 36.18; H, 5.44; N,
10.29; Cl, 13.50.

[Ni(1,4,8,11-CT)](ClO;),.—This complex was also prepared
by the method of Curtis by first obtaining [Ni(1,7-CT)](Cl04).
from the reaction of nickel acetate with the dihydrogen per-
chlorate salt of the ligand. The [Ni(1,7-CT)](ClOs); was sub-
sequently oxidized to the bis-g-diimine compound [Ni(1,4,8-
CT)](ClOy), with concentrated HNO;. The yellow product
was recrystallized from a 1:4 ethanol-acetonitrile solution,
filtered, washed with ethanol, and dried 1% vacuo. Anal. Caled
for CisHxN:NiClL0s: C, 35.97; H, 5.24; N, 10.49; Cl, 13.30.
Found: C,36.05; H, 5.40; N, 10.54; Cl, 13.09.

[Ni(1,4,8,11-CT)] (NO;),.—The nitrate salt of the Ni(1,4,8,11-
CT)2* cation could not be prepared by metathetical displacement
because of the very insoluble nature of [Ni(1,4,8,11-CT)](ClO4).
starting material in hydroxylic solvents. Therefore the nitrate
complex was prepared by a direct method similar to that de-
scribed by Curtis to prepare the perchlorate salt. Awnal. Caled
for CiHuNiNi(NQ3): C, 41.49; H, 6.91; N, 18.15. Found:
C,41.47; H,6.40; N, 18.51.
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The nitric acid salt of the diimine ligand was prepared by the
condensation of ethylenediamine and acetone using equimolar
portions of nitric acid and ethylenediamine in acetone. The
substance was isolated with an excess of HNOQ; of crystallization
and allowed to react with an equimolar ratio of nickel acetate in
methanol to form [Ni(1,7-CT)](NO;).. This was then oxidized
to the tetraimine [Ni(1,4,7,11-CT)](NOy); with concentrated
nitric acid and isolated by the addition of 1:1 acetone—ether
mixture. The nitrate salt is very soluble in water.

Deuteration Experiments.—Selective sites on [Ni(1,4,8,11-
CT)H](Cl04), and [Ni(1,3,7,11-CT)}(ClO,); were deuterated by
first recrystallizing the parent [Ni(1,4-CT)](ClO4), and [Ni-
(1,7-CT)] (C104). complexes several times from hot, basic DO
in a manner already reported.! The infrared spectra of the
deuterated diene complexes indicated the absence of any N-H
and the presence of N—D as well as C-D stretching absorptions.
The pmr spectra were very similar to those of the reported deu-
terated analogs,! indicating the complete exchange of the imine
methyl protons and the methylene protous of the six-membered
ring for deuterons. These deuterated sites remain intact when
the complexes are oxidized to their respective tetraimine deriva-
tives with HNO; and the products are isolated under acidic
conditions.
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The nonbasic trimethylhydrazinium cation, HoNN*(CHj);, coordinates to Ni(II) forming yellow, paramagnetic complexes
NiX{ HaNN*(CH; )} (X = Cl, Br) which have a tetragonally distorted octahedral stereochemistry. The crystalline yellow
complex NiClL{ HoNN *(CH,)s1,, when heated to 143°, changes sharply to the blue salt { H;NN *(CH;)s}3[NiCly], containing

the tetrahedral tetrachloronickelate(II) anion; the original yellow octahedral complex re-forms upon cooling.

This trans-

formation represents a unique example of change in coordination number and stereochemistry of a Ni(II) complex, occurring
reversibly in the solid state at a relatively low temperature.

Introduction
It has been shown that the presence of a positive
charge in the vicinity of a potential donor atom in a
cationic ligand does not prevent coordination to appro-
priate metal ions,*~!? even though the basicity may be
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markedly lowered. In general, the effect of a positive
charge on the basicity of a donor atom depends upon
their electronic interaction and, other factors being
equal, upon their bonded distance within the ligand.
Thus, the pK, of 1,8-diaminooctane, HoN(CH;)sNH,,
decreases on monoprotonation by less than 0.8 unit
(from 10.9 to 10.1),'® but for hydrazine, HoNNH,, the
pK. decreases by 9 units (from +7.93 to —2.95).1*
Whatever their basicity in aqueous solution, however,
positively charged amines—whether primary, secon-
dary, or tertiary—coordinate to transition metal ions
forming stable and unusual complexes.2~6

In most examples of such complexes so far reported,
the positive charge of the amine ligand is localized on a
site at least two carbon atoms removed from the N-
donor atom. This paper reports complexes of Ni(II)
with the 1,1,1-trimethylhvdrazinium cation ligand,
H,NN +(CHs)s, in which the site of the positive charge is
immediately adjacent to the N-donor atom. The cat-
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(14) G. Schwarzenbach, Helv. Chim. Acta, 19, 178 (1936).
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ion ligand itself, H,NN*+(CHs)s, does not have appreci-
able basic character—for example, it does not acetylate
nor does it form a readily isolable protonated dication.
In view of its extremely low basicity and of its similarity
in structure and dimensions to the nearly spherical
tetramethylammonium cation, it is very interesting
that the HoNN+(CHs); cation will act as a ligand in
metal complexes.

Experimental Section

Preparation of the Ligands. 1,1,1-Trimethylhydrazinium
chloride, [(CH;);N+NH,]Cl—, was prepared in a manner similar
to that described for the A-aminoethyltrimethylammonium
cation.? 1,1-Dimethylhydrazine was treated with acetic an-
hydride to form the acetyl derivative, (CH;);:NNHCOCHj;, and
this was quaternized with methyl iodide. The quaternized
acetyl derivative, [(CH;);N+NHCOCH;]I~, was then cleaved
with hydrochloric acid, and the product, a mixed iodide~chloride
of the (CH;)sN+NH, cation, was converted to the pure chloride
salt by ion exchange on a chloride resin. The aqueous solution
was concentrated to a syrup and recrystallized from ethanol.
Anal. Caled for CgHuN.Cl:" Cl, 32.1. Found: Cl, 32.2.
The analogous bromide and iodide were obtained similarly, from
the iodide-chloride product described above, by ion exchange on
bromide or jodide resin. Amal. Caled for CsHuN:Br: Br,
51.5. TFound: Br, 51.8. Caled for CsHjuN.I: ‘I, 62.8.
Found: I, 63.2. ’

Preparation of the Complexes. Tetrachlorobis(trimethyl-
hydrazinium)nickel(II), NiClL,{H,NN+(CH,);}».—An ethanol
solution of anhydrous nickel(II) chloride was added to an ethanol
solution of trimethylhydrazinium chloride (Ni:L+ mole ratio =
1:2.5). A clear light green solution resulted, from which upon
gentle warming the microcrystalline pinkish tan salt (L*).-
{NiCl;}. precipitated. A#nal. Caled for CsHyuN,CLNi: Ni,
24 .4; Cl, 44.3. Found: Ni, 24.0; Cl, 44.6. This salt, when
allowed to stand for several days in the presence of its mother
liquor at room temperature, gradually reacted with the excess
ligand present in solution to form the yellow crystalline complex
NiClL(L*).. This was filtered, washed with a 1:1 ethanol-ether
solution, and dried in vacuo. Anal. Caled for NiCsH.xN,Cl,:

Ni, 16.74; Cl, 40.49. Found: Ni, 16.7; Cl, 40.5. The
magnetic moment, uess, was 3.25 BM.
Tetrabromobis (trimethylhydrazinium nickel(II), NiBr,{ H,N-

N+(CHj)s}3.—This complex was obtained by dissolving nickel-
(I1) bromide and tr1methy1hydraz1n1um bromide " (mole ratio,
exactly 1:2) in a very small volume of water. Slow evaporation
of the resulting green solution under reduced pressure at room
temperature yielded the dark yellow product NiBry(Lt), in an
anhydrous form. Anal. Caled for NiCsH2NiBr,:
Br, 60.49. Found: Ni, 11.0; Br, 59.9. Attempts to prepare
this bromo complex in ethanol solution, similarly to the chloro
complex, yielded instead the tan (L*),{ NiBrs},, identified by
analyses and infrared and d-d electronic spectra.

N-Deuterated derivatives were obtained by dissolving the N-H
analogs in the minimum volume of D20 and evaporating to dry-
ness at room temperature under continuous mechanical pumping
with a Dry Ice—acetone cold trap. The procedure, repeated
three times, yielded compounds whose infrared spectra were
completely free of ~-NH, or ~-NHD absorptions.

Attempted Preparation of Other Complexes of the Trimethyl-
hydrazinium Cation Ligand.—The reaction between trimethyl-
hydrazinium chloride and the corresponding salts of Mn(II),
Co(I1), and Cu(Il), carried out under a varlety of experimental
conditions, consistently yielded compounds in which the tri-
methylhydrazinium cation was present as a noncoordinated
entity. The salts obtained were pink (L*),{MnCl},, light
yellow (L*):[MnClL], blue (L *),[CoCly], bright yellow (L*)-
[CuCly], and white (L ™):{ZnCly]. They were characterized by
analyses and infrared and d-d electronic spectra.'® Similar results
were obtained with the bromide salts of these metal ions.

Attempts to prepare complexes of trimethylhydrazinium nitrate
with the nitrates of Co(I1), Ni(1I), and Cu(II) yielded the tetra-
nitratometalates(II) (L*):[M(NO;),], strictly similar in their
properties to the corresponding tetranitratometalates of the

(15) A.Y. Hakawa and M. Tsuboi, Proc. Int, Symp. Mol. Struct. Spectrosc.,
1, A107 (1962).
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tetramethylammonium cation. Attempts to form complexes of
trimethylhydrazinium perchlorate with the perchlorates of
Co(II), Ni(I1), and Cu(II) failed—the original, white, crystalline
[(CH,;)N+NH;]ClO4~ being recovered unchanged from the
reaction mixture.

Physical Characterization of the Complexes.—Infrared spectra
(4000-250 cm 1) were recorded on a Perkin-Elmer Model 521
spectrophotometer equipped with a dry-air purge. Samples were
examined as hexachlorobutadiene and Nujol mulls, d-d elec-
tronic spectra (25,000-5000 cm™) were recorded on a Cary
Model 14 spectrophotometer. Spectra of the finely powdered
solid samples were obtained both by diffuse reflectance and by
transmission of hexachlorobutadiene mulls. Magnetic sus-
ceptibilities of the powdered samples at room temperature were
measured with a Gouy balance. Diamagnetic corrections from
Pascal’s tables were used in the calculation of uets. For thermal
measurements, the temperatures and AH values for the solid-
state transformation NiX (L+), = (L*),[NiX,] were determined
with a Du Pont differential thermal analyzer, Model 950,
equipped with a differential scanning calorimeter cell.

Results and Discussion

The reaction between the dihalides of the first-row
transition metals and the trimethylhydrazinium halides
yields different products depending on the metal and
on the expenmental conditions. In general, crystalline
salts containing the uncoordinated H,NN +(CHs); cat-
ion (abbreviated as L+) and a halometalate(II) com-
plex anion are obtained. With the chlorides and bro-
mides of Mn(II), Co(II), Cu(II), and Zn(II) and in
the preserice of an excess of trimethylhydrazinium ha-
lide, the anions formed are the tetrahedral tetrahalo-
metalates(IT), MCL2~, which can be identified by their
characteristic d—-d electronic spectra,’ magnetic mo-
ments, and M—Cl infrared stretching frequencies.’® In
the presence of an excess of metal halide, however,
Ni(IT) and also Mn(II) give rise to salts containing
polymeric, halogen-bridged, octahedral anions of the
type {MX;~}, TFor example the Ni(II) salt thus
formed, (L+),{NiCls},, has magnetic and d-d electronic
spectral properties very similar to those of the polymeric
octahedral Rb,{NiCl;}, species.'®

Of these halometalate(IT) salts of the trimethylhy-
drazinium cation, the pinkish tan (L *),{ NiCl;}, reacts,
very slowly, with ethanol solutions of trimethylhydra-
zinium chloride to yield bright yellow crystals, which
on the basis of the analytical composition, magnetic
properties, and electronic and vibrational spectra can
be identified as the high-spin, pseudooctahedral non-
ionic complex NiCly(L*);. An analogous bromo com-
plex, NiBry(Lt),, was obtained as a deep yellow crystal-
line powder. No similar iodo complex could be iso-
lated. ‘

The yellow complex NiCly(L ), is stable in the crys-
talline state at room temperature but at 145° undergoes
a very sharp solid-state transformation to a deep blue
crystalline substance, without change in composition.
This high-temperature blue form is identified from its
d-d electronic and vibrational spectra as the salt (I )s-
[NiCls], containing the tetrahedral tetrachloronickelate-
(I1) anion. The blue (L 1);[NiCl,] reverts completely
to the original yellow complex NiClL(L ™), on cooling
below 120°, but the transformation is rather slow. The
interconversion yellow NiCli(L ), == blue (L+),[NiCl]
can be carried out repeatedly without sample decom-

(17) A. B. P. Lever, “Inorganic Electronic Spectroscopy,”’ American Else-
vier, New York, N. Y., 1968, pp 322, 341, 359.
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ScHEME I

INTERRELATIONS OF NICKEL(II) HALIDE CoMPLEXES CONTAINING THE TRIMETHYLHVDRAZINIUM CATION, LT
(LHClin C;HsOH,

NiCl; (1 mol) }

(L*)Cl (3~4 mol) ” pink-tan (Oh)

H:0, room temp, evap to dryness

C:HsOH, room temp (L +)n{ NiCl; }n standing 2-3 days

-

NiCl; (1 mol) }
LNl @2 mol)

NiBr, (1 mol) H:0, room temp, evap to dryness
(L*)Br (2 mol)}

NiBr: (1 mol)
(L +)Br (3-4 mol)

(L*)a{ NiB13}n
> " tan (Oh)

} C:H:OH, room temp

position, provided the blue form is not heated far above
145°. Samples of (L*):[NiClL], heated between 220
and 250° for 0.5 hr and then cooled to room tempera-
ture, formed microscopically homogeneous mixtures of
the pinkish tan octahedral salt (L*),{NiCl;}, and of
the free (L*)Cl (identified by their electronic and vi-
brational spectra). On standing for a period of days in
the presence of a low-moisture atmosphere, these mix-
tures almost completely reverted to the original yellow
complex, NiCly(I.¥)s. Thus the yellow NiCl(L*), may
indeed be considered to be the stable low-temperature
form of the system NiCl, + 2(L*)Cl. In fact, the
transformation NiClL(L+), — (L*);[NiCL] is endo-
thermic, its AH having the relatively large value of
+15.5 (£0.5) kecal/mol. This value, even though it
includes other factors beside the breaking of two Ni-N
coordinate bonds, agrees very closely with those ob-
served in solution for reactions of the type®

[NiCly(CoHsOH )i octahedarsl + Cl™ ==
{Nic}na(CQHEOH)—]tetrahedral + 3C2H50H

Although there are many well-established examples
of octahedral-tetrahedral equilibria for complexes of
Ni(IT) in solution, the interconversion between the
yellow, octahedral NiClL(L 1), and the blue, tetrahedral
(L+),[NiCly] represents an almost unique example of a
reversible change in coordination number and stereo-
chemistry, taking place in the solid state at a relatively
low temperature.

The octahedral bromo complex NiBry(L*). is ther-
mally less stable than the chloro complex and at 70°
transforms sharply into the blue salt (L ¥):{NiBr,], con-
taining the tetrahedral tetrabromonickelate(II) anion,
which is then stable up to 260°. As expected, the AH
of the transformation is also lower than for the corre-
sponding chloro complex—its value being approxi-
mately 49 keal/mol. (An accurate determination was
prevented by the tendency of the yellow bromo com-
plex to “jump”’ and spatter during the transformation.)
When the blde (L +)2[NiBr.] cools to room temperature,
it slowly changes to a microscopically homogeneous
mixture of the tan octahedral (Lt),{NiBr}, and of
L+Br—. The interrelations of the various salts and
complexes formed by nickel(II) chloride and bromide
with thetrimethylhydrazinium halidesare summarized in
Scheme I (where Oh signifies octahedral complexes and
Td tetrahedral). It should be mentioned that all the
solid species included in this scheme—the complexes
NiX,(L+); as well as the salts (I.7),{ NiXs}, and (L +),-
[NiX,]—apparently are stable only in the solid state.

{20) D. E. Scaife and K. P. Wood, Inorg. Chem., 6, 359 (1967).

, NiCL(L*) —> (L*RINiCL]
yellow (Oh) (—b—_————elow 500 blue (T4d)
NiBry(L*), 70° (L )[NiBr,]
> yellow (Oh) ™" bluc (Td)
iroom temp
(L*)a{ NiBrs}n-n(L*)Br
tan (Oh)

In fact, all these compounds are insoluble in nonpolar
solvents and dissolve in good donor solvents with com-
plete solvation,

d-d Electronic Spectra.—The d-d electronic spectra
of the complexes NiCly(L *); and NiBry(L ), clearly in-
dicate a tetragonally distorted octahedral stereochemis-
try.  The energy values of the absorption maxima are
listed in Table I, together with those of some structur-

TABLE 1
d~d ELECTRONIC SPECTRAY AND ASSIGNMENTS
3A:(F)

Complex? ¥To(F) ST1(F) sT1(P)
(L) n{NiCls} s 6.25 7.15 11.3,12.6 18.7sh® 21.3
NiCla(L *)s 6.15 7.30 12.6 10.05sh° 22.6
(L*)n{NiBrs}n 6.65 10.8 17.4sh® 20.05
NiBra(L )2 6.15 7.14 11.95 18.4sh® 21.6
(C2*) [NiCL(H:0):]¢ 5.7 7.0 12.1 22.6
{NiCla(py)e}n® 6.00 8.40 12.2,13.9 Not reported
{NiBra(py)e}n® 5.8 8.00 11.8,13.7 Not reported

@ Reported values (kilokaysers) are absorption maxima from
diffuse reflectance spectra. Transmission spectra of hexachloro-
butadiene mulls gave nearly coincident values but the lower
energy bands were not well resolved. ®L7* = trimethylhy-
drazinium, H,NN*(CHj);. ¢ Shoulder assigned to spin-for-
bidden transition to one of the !D states. ¢ C?¥ = diprotonated
1,4-dimethylpiperazinium, (CH;)HNT(CH,CH,).N TH(CHj;).»?
¢ py = pyridine; values from D. M. L. Goodgame, M. Good-
game, and M. J. Weeks, J. Chem. Soc., 5194 (1964 ).

ally similar complexes for comparison. In general, the
extent of the tetragonal distortion of an octahedral com-
plex can be related to the difference in the field strengths
of the ligands occupying the axial and equatorial posi-
tions. The field strengths of the chloro and bromo
ligands are well known, and thus the observed splitting
of the 3T3(F) <« 3A,(F) transition can be used as a cri-
terion for placing the trimethylhydrazinium cation
ligand in the spectrochemical series. For NiCly(L 1),
this splitting is about 1.15 kK, very close to that ob-
served for the tetragomal NiCli(Hs0),?~ anion.?! In
fact, the entire spectra of the two complexes NiCl,(L %),
and NiCly(H;0),2~ are virtually superimposable, indi-
cating that the field strength of the trimethylhydra-
zinium cation ligand must be very similar to that of
water (10Dg = 9 kK)?? and therefore appreciably lower
than that of uncharged primary aliphatic amines
(10Dg = ~10 kK)? or of heterocyclic N-donor ligands
such as pyridine (10Dg = 9.8 kK).** For the pseudo-

(21) V. L. Goedken, L. M. Vallarino, and J. V. Quagliano, J. Amer. Chem.
Soc., 92, 303 (1970).

(22) B. N. Figgis, “Introduction to Ligand Fields,” Interscience, New
York, N. Y., 1966, p 220.

(23) R. S. Drago, D. W. Meek, R. Longhi, and M. D. Joesten, Inorg.
Chem., 2, 1956 (1963); H. Yoneda, Bull. Chem. Soc. Jap., 30, 130 (1957).

(24) M. R, Rosenthal and R. S. Drago, Inorg. Chem., 4, 860 (1965).
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‘ TasLe II
INFRARED ABSORPTIONS? ARISING FROM VIBRATIONS OF THE NH, GroUP oF THE H:NN+(CH,); Cation LicAND

(LY (L 2 [CoClyJP——
NH,-ND, d 2465 vs 3290 vs 2470 vs
antisym 2445 vs 2453 vs
str 2382 m
NH;-ND, d 2350 m 3180 vs 2330 s
sym 2310 s 2310 sh
str - 2285 m .
NH,-ND; 1615 s 1168 s 1620 s 1178 s
bend
NH,-ND; 1278 s 995 s 1280 m 1010 m
twist
NH,-ND, 1055vs, b 780 vs 1065 vs, b 800 vs, b
wag .
NH;~-ND,
rock ) )
NH;-ND; 475 m 370 w 484 m 370 m
torsion

————(L*)n{ NiCls} ¢ NiCL(L *)2 NiBr(L+):
3315 vs 2474 s 3210 vs 2400 vs 3190 vs
3275 sh, m 2452 s 2343 sh, m

2318 m
3200 m 2370 m 3115 vs 2290 sh, m 3100 vs
2330 m 2276 s
1605 s 1170 s 1592 m 1164 m 1582 m
1278 m 1020 m 1299 m 1010 w 1290 m
1083 vs 832 sh 1190 vs 886 vs 1190 vs
1075 vs 828 vs )
640 m 500 m 600 w
490 m 373m  480m® 363w 475 m
482 m

@ Values are in em~. Samples were examiried as mulls in hexachlorobutadiene and Nujol. ® The spectra of (L*),[CoBri], (L*)-
[MnCly], (L*)[CuCL], and (L*)%[ZnCl] are virtually identical with that of (L*),[CoCl]. ¢ The spectra of (L+)a{NiBrs}, and (L+),-

{MnCls}, are virtually identical with that of (L*)a{NiCls}.
gion.
terated analog.

octahedral complex { NiCly(py)2} », in which the pyridine
molecules occupy the (trans) axial positions and the Cl—
ions are bridging at the equatorial sites,? the splitting
of the ¥T(F) < 3A,(F) transition is 2.4 kK—twice as
large as that observed for NiClL(L+),. It is logical to
attribute this lowering of the field strength of the NH,
group of trimethylhydrazinium to the influence of the
adjacent positive charge of the (CHs);N+ group. Fi-
nally, the energy of the *T;(P) < 3A,(F) transition for
NiCly(L +), is higher by about 1.3 kK than for the poly-
meric {NiCl;~}, species. This shows that the N-donor
atom of the trimethylhydrazinium cation, despite the
presence of the adjacent positive charge, still has a
nephelauxetic effect appreciably lower than that of the
chloro ligand.

Infrared Spectra.—The infrared spectra of several
salts of the trimethylhydrazinium cation and of the
two complexes NiCly(L*); and NiBry(L 1), were deter-
mined in the 4000-250-cm~! region (Table II). All
absorptions arising from fundamental vibrations of the
NH; group in these compotinds were identified by com-
parison with the N-deuterio analogs and follow the pat-
tern characteristic of ‘‘symmetrical top” primary ali-
phatic amines—such as methylamine,* H,NCH;, and

(25) E. Konig and H. L. Schafer, Z. Pkys. Chem. (Frankfurt am Main),
26, 371 (1960); N. S. Gill, R. 8. Nyholm, G. A, Barclay, T. I. Christie, and
P. J. Pauling, J. Inorg. Nucl. Chem., 18, 88 (1961). .

(26) J. R. Durig, 8. F. Bush, and F. G. Baglin, J. Chem. Phys., 49, 2106
(1968); H. Wolff and H. Ludwig, Ber. Bunsenges. Phys. Chem., 71, 1107
(1967).

4 Very strong, broad, unresolved absorptions in the 3300-3100-cm™—! re-
¢ An additional medium-weak band appears at 526 cm ! in the spectrum of NiCl;(L +), and is lowered to 434 em~'in the N-deu-
This band was not observed in the bromo complex and was not assigned.

tert-buitylamine,’® H,NC(CHs);. The observed  fre-
quency shifts may be attributed to the influence of the
positive charge on the NH; group. In the salts of the
H,NN +(CHs); cation the frequencies of the NH, modes
are only very slightly affected by the counterion—
whether it be monatomic such as the iodide or polyatomic
consisting of discrete monomeric entities such as
CoCl?~ or éven polymeric such as {NiCl;~},. Coor-
dination of the HoNN *(CHj;); cation to a metal ion, on
the other hand; causes marked shifts in the characteris-
tic NH, frequencies, and these shifts have the magni-
tude and direction usually observed for metal comi-
plexes of uncharged primary amines. Thus, the NH,
stretching modes are lowered by about 100 cm~?, the
NH; bending mode is lowered by about 20-10 cm~?, the
NH, twisting mode is raised by about 20 ecm™!, and
the N'H, wagging mode is raised by about 100 cm™.
In addition, the rocking mode arising from coordination
of the NH, groups appears as a new, medium-strong
band at about 600 cm™*. Unfortunately, it was not
possible to identify with certainty the N-Ni(11) stretch-
ing mode. This is not surprising, however, since this
metal-ligand mode is often rather weak and the low-en-
ergy region of the spectra of these complexes is cluttered
by many absorptions characteristic of the ligand itself.

Acknowledgment.—This research was supported in
part by the National Science Foundation under Grant
No. NSF GP-22700.



