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Abstract: By chlorination of/ra«.s-[Pt(NH3)2Cl2] to trans- [Pt(NHs)2CU] and replacement of three of the coordinated chlo­
rine atoms with RN(CH2CH2NH2)2 (R = H or CH3), a compound, chloro-2,4-diammine-3,5,6-RN(CH2CH2NH2)2pla-
tinum(IV), is formed. Reduction of the platinum atom to the platinum(II) state converts the compound to a four-covalent, 
planar molecule again, with the two ammonia molecules trans to each other and the two primary nitrogen atoms of the 
RN(CH2CH2NH2) molecule trans to each other. In this compound, the central nitrogen atom of the triamine is not attached 
to the platinum. 

One of the postulates of Werner's coordination theory is 
that a chelating ligand will attach itself only to cis positions 
in the coordination complex. Werner used this postulate in 
much of his stereochemical work, and it has become almost 

universally accepted by coordination chemists. Werner28 as­
sumed it, for example, when he compared the stability of 
chelate rings of coordination compounds with those of five-
and six-membered organic rings and Grinberg2b used it in 
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his famous method of distinguishing the cis and trans forms 
of [Pt(NH3)2Cl2] and similar compounds. Tress3 argued 
that the inability of ligands to span trans positions can be 
deduced from the numbers of isomers in certain types of 
complexes. Many other coordination chemists have specu­
lated on the possibility of building complexes in which a Hg-
and reaches across a square planar complex. Most investi­
gators admit the possibility that such compounds might be 
formed and agree that a bidentate ligand of sufficient 
length might span the trans positions in a planar complex if 
the proper conditions were found. However, nearly all ef­
forts to build complexes with trans-spanning ligands have 
met with inconclusive or negative results. Drew and Tress4 

studied the possibility of spanning the trans positions of pla-
tinum(II) complexes with the aliphatic diamines, 
NH2(CH2)„NH2, where n had values from 2 to 5. When n 
= 2 or 3, sparingly soluble complexes of the normal type 
were formed (e.g., [Pt(en)Cl2]). When n = 4 or 5, only ill-
defined insoluble substances were formed. These were 
judged to be polymers. Chugaev5 reported similar results. 
Pfeiffer and his coworkers6 tried similar experiments with 
the octahedral complexes of chromium, copper, and nickel, 
but without success. Other investigators7 attempted to span 
the trans positions, both in planar and in octahedral com­
plexes, using such bases as decamethylenediamine and octa-
decamethylenediamine. None of their experiments gave 
complexes with trans-spanning ligands, and it was generally 
agreed that such complexes are not to be attained simply by 
lengthening the chain between the two donor atoms. 

Schlesinger8 reported that by the use of a tetradentate 
ligand with a long methylene chain between the donor che­
lating groups, he had been able to span the trans positions 
in a copper(II) complex. His ligands were bis(a-imino) 
acids of the type 

R' r 
RCNH-(-CH24-„NHCR 

I 
COOH COOH 

When n = 2 or 3, blue, soluble complexes were produced, 
but when n = 10, a violet, much less soluble substance was 
formed. Values of n = 5 or 7 gave rise to both the blue and 
the violet forms. Both types of compounds were found to be 
nonelectrolytes and to have normal molecular weights. 
Schlesinger believed that in the violet form, the nitrogen 
atoms of the ligand occupied trans positions. Although the 
evidence supports Schlesinger's hypothesis, the result is 
hardly conclusive, for it was not shown that the complexes 
of both types are planar or monomolecular. Also, as Re-
ihlen9 has pointed out, the asymmetry of the two nitrogen 
atoms might lead to racemic and meso modifications of the 
complex. 

Some years after these experiments were performed, Is-
slieb and Hohlfeld10 advanced evidence that they had been 
successful in spanning the trans positions in nickel com­
plexes by the use of the simple bidentate diphosphines 
(C6Hi I)2P(CH2)^P(C6Hi 1)2. They showed that their nickel 
complexes [Ni(diphosphine)X2] were monomolecular. They 
were red and diamagnetic, which indicate planar structures. 
With n — 3 (X = Br), the dipole moment of the complex 
was 11.13 D, but, with n = 5 (X = Cl), it was only 2.37 D. 
Isslieb and Hohlfeld interpreted the difference in the dipole 
moments to indicate that, in the latter compound, the meth­
ylene chain reached across the coordination plane but was 
close to it, so produced little disymmetry. 

Pryde, Shaw, and Weeks11 have expressed the opinion 
that if a chain of seven members is to span the trans posi­
tions, the plane of the complex must be somewhat distorted. 

They feel that to be planar, the complex should have a ring 
of 12 or 13 members. 

Fleischer and Wang, as well as Khosropour and Ham-
bright,12 concluded that metal ions attach themselves to 
porphyrins and porphyrin-like molecules through two nitro­
gen atoms which lie at opposite corners of the nitrogen 
plane. There is little experimental evidence to support this 
conclusion, though it may be that such a structure exists as 
an intermediate in the formation of porphyrin complexes.13 

Infrared spectra14 indicate that in "heterogenized" ho­
mogeneous catalysts of the types 

the phosphorus atoms may occupy trans positions on the 
metal. 

Within the last 2 years, there have been two reports of 
the formation of well-characterized trans-spanning ligands. 
Venanzi and his students15 have prepared the ligand 2,11-
bis(diphenylphosphinomethyl)benzo[c]phenanthrene 

PPh, PPh, 

which, because of its size and rigidity, cannot form a cis 
chelate ring but can attach itself to opposite corners of the 
coordination plane of palladium(II) or platinum(II). They 
prepared compounds of the type [MLX2], and showed that 
they are monomeric nonelectrolytes. The trans structures 
were shown by the NMR spectra. When treated with base, 
these complexes lose protons reversibly, supposedly from 
the 1 and 12 positions, the carbon atoms of which then form 
a bonds with the metal. 

Pryde, Shaw, and Weeks11 have pointed out that there 
may be less ring strain in large rings, e.g., 12 or 13 mem­
bers, than in rings of intermediate size, e.g., eight members, 
as has been shown to be the case with cycloalkanes. When 
they allowed ?-Bu2P(CH2)ioP-?-Bu2 to react with 
[PtCl2(PhCN)2], they obtained two isomeric complexes. 
The less soluble of these was shown to be binuclear and to 
give a well-defined 1:2:1 r-Bu 1H NMR pattern, indicating 
trans phosphorus nuclei. It also showed a strong infrared 
absorption band at 334 cm - 1 , which is characteristic of a 
linear Cl-Pt-Cl system. They feel that this compound is 
probably 
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U - B u ) 2 P - ( C H 2 J 1 0 - P U - B u ) 2 

ClP tC l C lP tC l 

U - B u ) 2 P - ( C H 2 ) 1 0 — PU-Bu) 2 

The more soluble isomer also shows a 1:2:1 N M R triplet 
and a s trong infrared band at 326 c m - 1 . It is monomolecu-
lar in CHCI3 and shows an intense mass spectral absorpt ion 
for the parent peak (m/e 696) . It is believed to have the 
s t ruc ture 

t-Bu 

t-Bu 

\ ^(CH2); 

Pt 

cr 
,S-Bu 

-i-Bu 

In the work described in this paper, an entirely different 
approach was used. It depends upon the fact that p la t inum-
( I I ) normally forms square planar four-coordinate com­
plexes, whereas p l a t inum(IV) forms oc tahedra l six-coordi­
na te ones. It was reasoned tha t if a t r identa te ligand occu­
pied meridional positions in a p l a t inum(IV) complex, and if 
this complex were reduced to the p la t inum(I I ) state, the 
centra l donor a tom of the l igand might be released from the 
meta l , leaving the end groups a t t ached in t rans positions. 
To ensure that the t r i amine would occupy meridional posi­
tions in the p la t inum(IV) octahedron, the synthesis was 
begun with ? ran5-d ich lorodiamminepla t inum(I I ) (com­
pound A) which was converted to ?ra«,s- tetrachlorodiammi-
nep la t inum(IV) (B) and thence to chloro-2,4-diammine-
3 ,5 ,6- t r iaminepla t inum(IV) chloride (C) (Scheme I) . 

Scheme I 

Cl/ 7NH3 ci. 7 NH3 

/ Pt" / H3N^ 'CI 
/ Pt'v / 

H3N^- 1 7Cl 

Cl 

R 
H2CN. 

H,C-

H2NV 

\ . 
m 

H,N 

NH3 

PtIV / C H 2 

NH, 

Cl 

R = H or CH/ 

C 

Cl3 

,N-HCl 
/ H2C 

/ 
H,N f 

TH2 

Pt" H2C, 
NH3 

H3N NH2 

R = H or CH3
0 

D 

" In those cases in which it is indicated that R represents a methyl 
group, the experiment was tried only with the methyla ted t r iamine. In 
the cases in which both the unmethyla ted and the methylated t r iamine 
were used, the results were strictly parallel. 

The formation of compounds A, B, and C is s traightfor­
ward. There was, however, serious question about what 
would happen when the meta l in C was reduced. It seemed 
probable tha t the coordinat ion number of the meta l would 
change from six to four, but , at the outset , there was no cer­
tainty tha t the - N R and the chloro groups would be the 
ones el iminated from the coordinat ion sphere. The central 
amine group of the d ie thylenet r iamine is t rans to the chloro 
group, which exerts a modera t e t rans influence, and it is a 
secondary amine (or ter t iary, when R = CH3) , which gives 
a weaker bond to the meta l than the p r imary - N H 2 groups 
do. On the other hand, the central ni trogen a tom of the 
chain is a member of two fused chelate r ings, which in­
creases the s t rength of its binding to the meta l a tom. H a p ­

pily, as subsequent exper iments showed, the secondary 
amine and the chloro groups were the ones el iminated from 
coordinat ion to the meta l . T h e central ni t rogen a tom of the 
t rans-spanning chelate ring is still close to the p la t inum 
a tom, but a s tudy of scale models shows tha t the ring can 
twist enough to expose the unshared pair of electrons on the 
nitrogen a tom and thus to allow it to combine with a proton. 

Analysis of compound D ( R = H or CH3) showed it to be 
slightly low in both chlorine and ni t rogen, and recrystal l iza-
tion from water gave a product which gave still lower values 
for those elements . Repea ted recrystal l izat ions (R = H ) 
converted it entirely to E. This is explained by the fact tha t 
the e ight -membered chelate ring is not s table and tends to 
revert to the two five-membered rings shown in compound 
E (Scheme I I ) , which contains one less chloride ion and one 
less ni trogen a tom than does D. W h e n ei ther compound ( R 
= H or CH3) was boiled in hydrochloric acid, the t r i amine 
was el iminated and compound A was formed again. This is 
strong evidence that , in compound D, the two ammon ia 
molecules occupy their original t rans positions, for c i s - t r ans 
r ea r rangements are very ra re in P t ( I I ) chemistry . T h e tri­
amine , then, must be a t t ached to the other two t rans posi­
tions. 

Exper imental Section 

Apparatus. The infrared spectra were measured on a Perkin-
Elmer 457 spectrometer, and the ultraviolet spectrum on a Beck-
man quartz spectrometer, Model DU, fitted with 1-cm cells, and a 
hydrogen tube as the light source. The N M R spectra were mea­
sured on a Varian A60A instrument. The magnetic susceptibility 
was measured in a PAR 150A vibrating sample magnetometer. 

Preparation of Platinum Compounds. The synthesis of trans-
[Pt(NHs)2CU] was accomplished through the following steps. 

HpPtClfi • 6H9O P t C l , [Pt(NHj)1]Cl2 

^raws-[Pt(NH3)2Cl2] —»- trans-[Pt(NH3J2Cl4] 

Two different methods were used in the preparation of PtCl2. The 
method of Kharasch and Ashford16 consists simply of heating 
H2PtCl6-6H20 in a slow stream of air to 360-380° for 2 hr. The 
platinum(II) chloride prepared in this way was powdered, heated 
again for 1 hr, and thoroughly washed. The second method is, on 
the whole, more convenient. The H2PtCl6-6H20, in water solution, 
is reduced to H2PtCl4 with N2H4-2HC1, and the product is heated 
on the steam bath to convert it to PtCl2.17 

Step 2 followed the method of Reiset,18 with some modifica­
tions. A mixture of 6.11 g of PtCl2 and 0.5 g of Norite charcoal 
was allowed to stand in a solution of 30 ml of concentrated 
NH 4 OH and 30 ml of water for 2 hr with occasional stirring. The 
mixture was heated on the steam bath overnight and filtered, and 
the precipitate was washed with water. The filtrate and washings 
were evaporated to a volume of about 20 ml and added dropwise 
with vigorous stirring to 150 ml of 95% ethanol. After cooling in 
ice, the pure white tetraammine which precipitated was washed 
with alcohol and dried, yield 6.59 g (86%). Anal. Calcd for 
[Pt(NH3)4]Cl2: Pt, 58.40. Found: Pt, 58.2. 

frans-Dichlorodiammineplatinumill) can be prepared from 
[Pt(NHs)4]Cl2 by heating the dry salt under vacuum to 230-
2 4 0 ° " or by heating it in 6 A' hydrochloric acid.20 The latter 
method is to be preferred, as it gives a better yield of product. 

Oxidation of the planar platinum(II) complex to the octahedral 
;/-arw-tetrachlorodiammineplatinum(IV) was carried out by the 
method of Kauffman and Cowan.21 Anal. Calcd: Pt, 52.6; N, 7.55; 
H, 1.63; Cl, 38.2. Found: Pt, 52.84; N, 7.57; H, 1.74; Cl, 37.96. 

sym-N-Methyldiethylenetriamine was prepared, as the trihydro-
chloride, by Mann's method.22 It was converted to the free base by 
grinding 2.28 g of it with 3.48 g OfAg2O in 10 ml of water. The sil­
ver chloride was removed by filtration; the washings were added to 
the filtrate. 

For the preparation of the two complexes, C (R = H or CH3), the 
solution of the free triamine was added dropwise and with constant 
stirring (over a period of 6 hr) to a suspension of 3.71 g of trans-
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Scheme II 
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[Pt(NH3)2Cl4] and 0.5 g of charcoal in 50 ml of water. After 2 hr 
of additional stirring, the solution was filtered and the residue was 
washed with water. The filtrate (with the washings) was evapo­
rated to dryness in a stream of air. at room temperature. The resi­
due was purified by dissolving it in water and reprecipitating it by 
addition of a mixture of equal volumes of methanol and acetone. A 
second crop was obtained by addition of more methanol and ace­
tone. The total yield, after drying over P4O10, was 50%. Both com­
pounds were light powders, pale yellow in color, and very hygro­
scopic. Anal. Calcd for [Pt(NHs)2(C4Hi3N3)Cl]Cl3 : Pt, 41.16; C, 
10.13; H, 4.04; N, 14.77. Found: Pt, 41.19; C, 10.87; H, 4.46; N, 
13.97. Anal. Calcd for [Pt(NH3J2(C5H,5N3)Cl]Cl3-V2H2O-
V2CH3OH: Pt, 38.10; C, 12.90; N, 13.70; H, 4.71; Cl, 27.60. 
Found: Pt, 38.28; C, 12.89; N, 13.37; H, 4.66; Cl, 27.24. 

Reduction of the Platinum(IV) Complexes to the Pt(II) State. The 
procedure for the reduction was essentially the same for both com­
pounds. It was carried out electrolytically to allow for close control 
of the reduction potential and to avoid the addition of chemical re­
agents. The electrolytic cell was a square U made of 1-in. tubing 
and was about 5 in. across and 5 in. high. The anode and cathode 
compartments were separated by a sintered glass frit, filled with an 
agar layer containing KCl. The electrodes were of bright platinum. 
The solution in the cathode compartment was stirred by a small 
magnetically driven stirrer. The anode compartment contained 
0.25 M HCl and the cathode compartment, 2 g of the Pt(IV) com­
plex in 30 ml of water. A current of 40 mA flowed through the cell 
at 5 V. Under these conditions, hydrogen and chloride were 
evolved at the electrodes. As the electrolysis continued, the current 
slowly decreased. When no further decrease was noted, electrolysis 
was stopped. A slight coating of black platinum had formed on the 
cathode. The catholyte was filtered and evaporated to dryness in a 
stream of air at room temperature. The resulting residue was redis-
solved in a minimum amount of water. 

In the case of the diethylenetriamine complex, the complex was 
precipitated by pouring the solution dropwise into 75 ml of metha­
nol containing 2 ml of alcoholic HCl. The stirring was continued 
while the mixture was cooled in ice. The precipitate was removed, 
washed with alcohol, and dried. It was purified by repetition of this 
process, yield 50%. Anal. Calcd for [Pt(NH3)2(C4Hi3N3J-
HCl]Cl2: Pt. 44.39; C, 10.92; H, 4.58; N, 15.92; Cl, 24.19. Found: 
Pt, 44.70; C, 11.67; H, 4.52; N, 14.65; Cl, 21.1. After four such re-
crystallizations, the precipitate showed the following composition: 
Pt, 46.10; C, 11.32; H, 4.39; N, 13.41; Cl, 18.19. 
[P t (NH 3 ) (C 4 Hi 3 N 3 ) ICl 2 ^H 2 O requires the following: Pt, 46.22; 
C, 11.37; H, 4.77; N, 13.27; Cl, 16.79. 

In the case of the complex containing the methylated amine 
CH 3 N(CH 2 CH 2 NHi) 2 , the residue left upon evaporation to dry­
ness was dissolved in water and reprecipitated by addition of a 
mixture of equal volumes of isopropyl alcohol and methanol, yield 
50%. Anal. Calcd for [Pt(NH3MC5Hi5N3-HCl)]Cl2-0.2(H2O)-
0.2(C3H7OH): Pt, 41.60; C, 14.38; N, 15.00; H, 5.05; Cl, 22.75. 

Found: Pt, 40.44; C, 14.75; N, 14.70; H, 4.78; Cl, 23.62. In order 
to obtain a nonhygroscopic substance (R = CH3), this compound 
was converted to the tetraphenylborate by dissolving 0.2 g of it in 
10 ml of water and adding a large excess of NaBPh4 to the solu­
tion. A pale yellow precipitate immediately formed. This was dis­
solved in acetone, precipitated by addition of water, and dried. 
Anal. Calcd for [Pt(NH3)2(triamine)-HCl](BPh4)2: C. 62.48; N, 
6.86; H, 6.14; Cl, 3.48. Found: C. 63.00; N, 6.72; H, 6.39; Cl, 3.55. 
The close agreement between the calculated and found values 
suggests that the tetraphenylborate of D is precipitated in great 
preference to that of E. 

A mixture of 0.2 g of rrarw-[Pt(NH3)2((triamine)-HCl)]Cl2 (R 
= CH3) and 10 ml of 6 N HCl was warmed on a steam bath for 3 
hr, during which time the volume decreased to about one-half. 
When this solution was cooled in an ice bath, yellow crystals pre­
cipitated. These were dried in an oven. Anal. Calcd for 
[Pt(NH3J2Cl2]: Pt, 65.03; N, 9.33; H, 2.01; Cl, 23.62. Found: Pt, 
65.20; N, 9.64; H, 2.60; Cl, 23.23. The trans structure was demon­
strated by the method of Grinberg2b and by comparison of the ul­
traviolet spectra of the compounds with those of authentic samples 
of cis- and ?nmj-[Pt(NH3)2C!2]. Following Grinberg's directions, 
a solution of 0.09 g of the material and 0.09 g of AgNO3 was al­
lowed to stand on the steam bath overnight. After filtering, the fil­
trate was treated with 1 g of oxalic acid dihydrate and was heated 
on the steam bath for 2 hr. Upon cooling in ice, white crystals 
formed. These were washed with methanol, dried, and analyzed. 
Anal. Calcd for [P t (NH 3 ) 2 (HC 2 0 4 ) 2 ] : Pt, 47.93: C, 11.79; H, 
1.98. Found: Pt, 48.06; C, 11.98; H, 2.16. Treated in this way, cis-
[Pt(NH3)2Cl2] gives the monooxalato chelate [P t (NH 3 ) 2 C 2 0 4 ] . 
The ultraviolet spectrum of the [Pt(NH3)2Cl2] prepared from 
[Pt((dien)-HC1)(NH3)2]C12 corresponded almost exactly with that 
of an authentic sample of r/-a/ii'-[Pt(NH3)2Cl2], but differed 
markedly from that of a sample of cis- [Pt(NH3J2Cl2]. 

To a solution of 0.2 g of [Pt(NH3)2((triamine)-HCl)]Cl2 (R = 
CH3) in 10 ml of water was added 1 g of solid LiI, whereupon red­
dish brown crystals precipitated at once. These were filtered, 
washed, and dried. Anal. Calcd for [Pt(NH3J2I2]: Pt, 40.4; N, 
5.80; H, 1.40; I, 52.4. Found: Pt, 39.17; N, 6.24; H, 1.49; I, 51.8. 

An aqueous solution of [Pt(NH3)2((triamine)-HCl)]Cl2 (R = 
CH3) was ground with an excess of Ag2CO3. After removal of the 
excess Ag2CO3 and the AgCl which had been formed, the solution 
was warmed and treated with an excess of solid LiI. Upon cooling 
in an ice-salt bath and addition of ethanol, crystals of [Pt(triam-
ine)I]I formed. This compound shows the same ir spectrum as an 
authentic sample of [PtMe(dien)I]I (G) prepared by the method 
of Watt and Cude.23 The elimination of ammonia from the com­
plex is doubtless due to the stronger nucleophilicity of iodide as 
compared with ammonia.24 Anal. Calcd for Pt(C5H]5N3)I2 : Pt, 
34.50; C, 10.70; N, 7.47; H, 2.66; I, 44.60. Found: Pt, 35.00; C. 
11.05; N. 7.07; H, 2.76; 1,43.88. 

NMR Spectra. The NMR spectrum of the trans-bridged com-

Journal of the American Chemical Society / 97:11 / May 28, 1975 



3025 

plex is similar to that of [Pt^(C5H15N3)Cl]Cl3. The former shows 
a broad peak centered at about 3.5 ppm downfield from TMS, 
whereas the latter shows a similar peak centered at about 3.3 ppm. 
Both spectra were measured in D2O. Attempts to decouple the 
platinum were unsuccessful. 

Discussion 
The chelate ring which spans trans positions and which is 

described in this paper is noteworthy in that it contains only 
eight members. However, this should not be considered at 
all impossible, for in compound C, which would not be con­
sidered unusual, the same atoms occupy similar (but proba­
bly not identical) positions in space. The change in radius of 
the platinum upon reduction from the +4 state to the +2 
state is so small that it will not cause any great change in 
ring strain (radius of Pt(II) = 0.60 A; radius of Pt(IV) = 
0.63 A). The formation of this ring depends upon the open­
ing of the bond which was part of two five-membered rings 
in compound C. Whether a ring of only eight members 
could be formed without the intermediate step is hard to 
say. Without an X-ray study, it is impossible to say how far 
the "liberated" nitrogen is from the platinum atom. 

Cases are known in which platinum(II) shows a coordi­
nation number of 6, at least in the solid state25 and, at first 
glance, it might be supposed that such is the case here. This 
cannot be so, for analysis shows the presence of only three 
chloride ions, one of which is the counterion for the quater­
nary nitrogen. Also, the near-diamagnetism of the complex, 
D, shows that the platinum is not in the +3 state nor can 
the substance be a dimer, with the platinum atoms bound 
together through amine linkages, for if an amine nitrogen 
were released from the platinum in the strongly acid reduc­
tion solution, it would form a hydrochloride in preference to 
combining with another platinum atom. The regeneration 
of A and the formation of E and of [PtMe(dien)I]I from D 
also strengthen our belief in our interpretation of the struc­
ture of D. 

Another possibility is that the platinum has not been re­
duced at all but that the coordinated chlorine atom in com­
pound C has been replaced by hydridic hydrogen. However, 
neither the infrared nor the NMR spectrum shows a metal-
hydrogen stretching absorption. 

Since cis-trans isomerization of platinum(II) complexes 
under the conditions of these experiments does not occur, it 
is clear that the two ammonia molecules in the complex re­
tain their positions trans to each other during the reduction. 
This is confirmed by the fact that boiling the final product 
with hydrochloric acid yielded the well-known trans dichlo-
rodiammine platinum(II) (A). 

It seems certain that D is a four-covalent complex and 
the very low magnetic moment which it possesses indicates 
that the complex is essentially planar. 

It is noteworthy that the addition of tetraphenylborate 
ion to the trans-spanned complex precipitated the salt 
[M(L-HCl)(NH3)2](BPh4)2(F), for it might be argued that 
this indicates a covalent, rather than an ionic, attachment 
of the third chloride to the complex. That this is not the 
case is indicated by the ease of removal of the third chloride 
in other experiments (as, for example, in the precipitation 
by silver ion). Evidently, the bis(tetraphenylborate) chlo­
ride is less soluble than tris(tetraphenylborate), or it precip­
itates so rapidly that there is no opportunity for the tris 
compound to form. The nature of the salts containing the 
tertiary amine in the trans-spanning ligand illustrates this 
point. The hydrochloride is reasonably stable, and, when the 
compound is in solution, the nitrogen does not abandon the 
proton to combine with the platinum unless the solution is 
allowed to stand for some time or is heated. On the other 
hand, the less acidic hydrocarbonate ion is liberated sponta­

neously and very readily, the tertiary nitrogen then replac­
ing an ammonia molecule and attaching itself to the metal. 

The presence of three chloride ions in compound D can­
not be taken to indicate the formation of platinum(III), for 
it has been shown by magnetic measurements that the com­
pound does not contain unpaired electrons. Instead, it must 
be concluded that one nitrogen atom is not coordinated to 
the platinum and is free to form "ammonium" salts. This 
must surely be the central nitrogen atom of the chelating 
chain, for two adjacent nitrogen atoms are much too close 
together to attach themselves in trans positions. It was 
hoped that the NMR spectra of compound D (R = CH3) 
would further demonstrate that this is so. Unfortunately, 
while the NMR gives evidence consistent with this, that evi­
dence is not conclusive. However, all of the facts that have 
been collected lead almost indisputably to the conclusion 
that the triamine ligand spans the trans-positions. A study 
of solid compound D by X-rays has not now been feasible 
because the crystals are too small and recrystallization in­
troduces compound E as an impurity. 

We hope to be able to report another example of this 
type of reaction and structure, using, perhaps, 
H S C H 2 C H 2 O C H 2 C H 2 S H or HSCH2CH2N(CH3)C-
H2CH2SH as the trans-spanning ligand. Sulfur forms very 
strong bonds with platinum(II), whereas oxygen and terti­
ary nitrogen form much weaker ones. Other platinum(IV) 
compounds, such as trans,trans,trans- [Pt(NH3)2(CN)2Cl2] 
and rra/u-[Pt((«-butyl)3P)2Cl4], also offer possibilities. 
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Tetrahedral tetrahalometalates have been reported1-9 in 
the low-melting organic halides of large [cation]/[anion] 
ratio. The metal halide-rich mixtures containing 
(R 4 B + ) 2 MX 4

2 _ have been found to supercool to glassy 
states.5 

The present work deals with the optical spectra of MX2-
rich mixtures of R 4 B + X" [ (C 4 Hg) 4 N + Cr , (C 4 H 9 ) 4 P + Br- , 
(C 4Hg) 4N+Br- , (C 8 Hn) 3 C 3 H 7 N + Br- , (C 4Hg) 4N+ I" , 
( C 5 H n ) 4 N + I - , _ ( C 6 H l 3 ) 4 N + r , (C 7H 1S) 4N+ I - , and 
(C 4 Hg) 3 C 3 H 7 N + I - O and their comparison with those in the 
corresponding dilute solutions. The CT and the LF bands of 
CoX 4

2 - and N i X 4
2 - are recorded. The band assignments of 

the latter have been made by constructing the energy level 
diagrams'0 based on the four LF parameters and compar­
ing them with those recorded for N i X 4

2 - and NiCl2X22_, 
i.e., NiCl4

2- , NiBr4
2", NiCl2Br2

2- and NiCl2I2
2". The CT 

spectra of X - in MX2-rich mixtures of R 4 N + X - have also 
been recorded. 

The electrical conductances, densities, and viscosities of 
MCl2 in molten (C 4 Hg) 4 N + Cl - have been measured at sev­
eral temperatures and those of CoCl2 in (C 4 Hg) 4 N + I - as 
functions of composition and temperature. The applicability 
of the free-volume model" - 1 7 in explaining the transport 
behavior of the glass-forming melts has been examined. 

Experimental Section 

Tetra-rt-alkylammonium (Fluka and Eastman) and phosphoni-
um (Alfa Inorganics) halides, R4B+X", were used as solvents in 
the molten state. Anhydrous metal chlorides, MCI2, were pre­
pared l8J9 from their recrystallized hydrated salts (E. Merck) 
while NiBr2 was obtained commercially. The spectra of MX2 in 
molten R4B+X - were recorded on digitalized Cary Model 14 and 
Beckman Model DK-2A spectrophotometers. 

Electrical conductances were measured with a Philips-PR9500 
conductivity bridge at 50 Hz using calibrated capillary type con­
ductivity cells. The dielectric constant was measured with a Sar­
gent Chemical Oscillometer Model V. The capacitive effect of 
electrolyte-electrode double layer being of the order of 10"4 pF 

1352. 
(25) See, for example, C. M. Harris, R. S. Nyholm, and N. C. Stephenson, 

Nature (London), 177, 1127 (1956); C. M. Harris and N. C. Stephenson, 
Chem. Ind. {London), 426 (1957). 

has been neglected. Density measurements were made in a dilato-
meter calibrated for 0.005 ml at several temperatures with ±0.3% 
accuracy. The viscosities were measured in a calibrated Ubbelohde 
capillary viscometer with an accuracy of ±0.1 to 2.5%. Preparation 
of the samples and the above measurements were carried out in an 
inert atmosphere in a relay controlled thermostated oil bath of 
±0.1 and ±0.2° thermal stabilities over 0 to 100 and 100 to 200°, 
respectively. 

The energy level diagrams for NiX4
2" were constructed'-]0 by 

computing the energy levels on an IBM-1130 computer. 

Results and Discussion 

I. Optical Spectra. Ligand-Field Transitions. The optical 
spectra of NiX2 + R 4 B + X - have been identified as due to 
the presence of Td N i X 4

2 - on the basis of their comparison 
with those reported earlier.1 The LF spectra of NiCl 4

2 - , 
NiBr 4

2 - , NiCl2Br2
2 - , and NiCl 2 I 2

2 - have been fitted to 
their respective energy level diagrams and the assignments 
of the bands have been made. 

A. NiCl2 + R4N+Cl - . The d-d spectra of NiCl2 in mol­
ten (C 4 Hg) 4 N + Cl - consist of an intense band with peaks at 
14,280 and 15,380 cm - 1 and a shoulder at ~16,660 cm - 1 , 
and a broad band with a peak at ~7500 c m - 1 . It is appar­
ent from the energy level diagram (Figure 1) that three 
transitions are spin allowed, two of which are orbital transi­
tions, r2_5:3T2(F) *- T1I3T1(F), and r5 :3A2(F) «-
T1I3Ti(F), and the third one is due to Ts)3T1(P) *-
F1I3Ti(F) transitions. The first transition reported1 at 
~4000 c m - 1 has not been recorded due to the overlapping 
region of the solvent. The remaining two transitions have 
been reported by several authors' '20"24 and agree with those 
found in the present case at ~7500 and 14,280 cm - 1 . 

In spite of its inherent limitations25 the LF theory ration­
alizes the spectrum satisfactorily. However, it does not seem 
to account for the little details of the band, 3T1(P) •«— 
3Ti(F), as predicted by the theory for T3I3T1(P) •«— 
IV 3T 1(F) , T4I3T1(P) *- T1I3T1(F), and T1I3T1(P) — 
T1I3T1(F) transitions at 14,340, 14,650, and 14,840 cm - 1 , 

Optical Spectra and the Free-Volume Model for the 
Transport Behavior of Glass-Forming Melts 

N. Islam,* M. R. Islam, S. Ahmad, and B. Waris 

Contribution from the Department of Chemistry, Aligarh Muslim University, 
Aiigarh 202001, India. Received July 29, 1974 

Abstract: The optical spectra of MX2 (M = Mn, Co, and Ni; X = Cl and Br) -rich mixtures of R4B+X" (R = propyl, butyl, 
pentyl, hexyl, heptyl, and octyl, and is either the same or different; B = N and P; and X = Cl, Br, and I) have been identified 
as due to the presence of tetrahedral, Tj tetrahalometalate(II) ions, MX4

2-. The band assignments of NiX4
2- have been 

made by constructing the energy level diagrams for the d8 configuration in a cubic Tj field based on the four ligand-field 
(LF) parameters. These parameters for NiCl2X2

2- have been taken as approximately averages of those of NiCl4
2- and 

NiX4
2-. The optical electronegativity of nickel(II), OE[Ni(Ii)], has been computed from the corresponding LF parameters 

and the low-energy charge-transfer (CT) spectrum and is found to be 2.1. The CT spectra of X - in MX2-rich mixtures of 
R 4N+X - have been found to be unaffected by the low conducting and highly viscous medium containing the species, 
j(R4N+)2MX4

2-jx and may be due to the transitions to np5yi configuration. The free volume model has been found suitable 
in explaining the transport behavior of glass-forming melts as supported by almost identical secondary glass transition tem­
peratures, TO.A and T0^ for MnCl4

2-, CoCl4
2-, and NiCl4

2- as 277.23 ± 1.27, 276.60 ± 0.40, and 269.43 ± 2.170K, re­
spectively, and also by several linear plots. 
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