
6823 

Mass Spectrometry of Platinum (II) Complexes. 
Comparison of Cis and Trans Isomers. 
Fragmentation and Rearrangement Pathways1,2 

P. Haake*3 and S. H. Mastin4 

Contribution from the Department of Chemistry, University of California, 
Los Angeles, California 90024, and the Department of Chemistry, 
Wesleyan University, Middletown, Connecticut 06457. 
Received October 26, 1970 

Abstract: The mass spectra of eight pairs of cis and trans isomers of PtL2X2 (L = NH3, pyridine P(C2Hs)3, 
or P(C2Hs)3; X = Cl, Br, or I) are presented and discussed. Two chelates, Pt(bipy)Cl2 and Pt(dpm)Cl2 (dpm = di-a-
pyridylmethane), are also included. The most significant results are: (1) parent ions can be observed for almost 
all these relatively involatile coordination compounds; (2) most ligandfragmentations and rearrangements occur 
with ligand-metal bonds intact; (3) some rearrangements appear to involve the metal; (4) cis and trans isomers 
of phosphine complexes give different fragmentation patterns; (5) spectra of chelates differ considerably from the 
spectra of analogous nonchelates; (6) in Pt(NHs)2Cl2 and Pt(py)2Cl2, little or no difference is observed in the 
spectra of cis and trans isomers after electron impact. Therefore, excitation to a tetrahedral state may take place. 

There have been a limited number of applications of 
mass spectrometry to relatively involatile coordina

tion compounds5-8 including a few studies of platinum-
(II) compounds.9-11 There are several important ques
tions that have been addressed in the research reported 
in this paper. Is the excitation imparted to tetragonal 
planar platinum(II) complexes on electron impact suffi
cient to cause cis-trans isomerization?12'13 Can mass 
spectrometry be used to identify platinum(II) complexes 
and distinguish cis and trans isomers? Can parent 
peaks be used to obtain molecular weights and thereby 
assist in structure proofs? What contrasts are there 
between chelated and nonchelated compounds?14 In 
fragmentation, how readily do coordinate bonds break 
compared to covalent bonds in the ligands ? 

Results 

Tri-«-perfluorobutylamine was used to establish m/e 
values at m/e <731;16 mass measurement accurate 
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to ±0.5 unit was used to establish m/e >731. Peak 
intensities were tabulated as per cent of the base peak 
and as a per cent contribution to the total ionization 
using a computer program which also plotted the spec
tra and calculated possible origins of metastables.17'18 

Generally, peaks above m/e 194 with intensities greater 
than 5.0% of the base peak were included in the tabula
tions.19 In some spectra there were many peaks of 
lower intensity, and intensities down to 0.5% are avail
able.1 Duplicate spectra at 70 eV indicate ± 1 0 % 
reproducibility in peak intensities. 

The isotopic distributions of naturally abundant 
platinum, chlorine, and bromine cause characteristic 
patterns of peak intensities (Figure 1). These patterns 
and m/e values have been used to assign elemental com
positions to the ions responsible for groups of peaks 
in the spectra. These groups are referred to in the text 
and tables by the m/e value of the lightest ion of consid
erable intensity in each group, e.g., m/e = 264 (194 + 
35 + 35) for PtCl2

+. As an example, the fragmentation 
pattern for CW-Pt(NHs)2Cl2 is shown in Figure 2 and 
the data are in Table I. Intensities of groups of peaks 
are tabulated for the compounds studied in Tables I-VI. 
The 2(> 194) value is the per cent contribution to the total 
ionization by all peaks in the group. In iodide com
plexes we observed an I2

+ peak (m/e 254) which has been 
omitted. Use of lower ionizing voltages in the spectra 
of triethylphosphine complexes altered the relative in
tensities of groups of peaks and therefore facilitated 
identification of ions. These results indicate that there 

(16) Instruction manual for MS-9 mass spectrometer, Associated 
Electrical Industries, Ltd. 

(17) Dr. D. A. Lightner supplied the program which was used with 
minor modifications. 

(18) K. Biemann, "Mass Spectrometry," McGraw-Hill, New York, 
N. Y., 1962. 

(19) Groups of very strong peaks were observed in some spectra, 
sometimes at very high m/e ratios. The m/e values are consistent with 
these peaks being due to Cu„Xm

+. They were observed only with inlet 
temperatures greater than 220°. The source, therefore, is probably 
CuX20 formed on the surface of the copper leads of the inlet system. 
These peaks are not included in the tabulations. Also, peaks containing 
Cl were found in the mass spectrum of Pt(PEt3)2I2, and Pt(P(C6Hs)3)2-
Br2 complexes. 

(20) H. M. Rosenstock, J. R. Sites, J. R. Walton, and R. Baldock, 
/ . Chem. Phys., 23, 2442 (1955). 
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Figure 1. Characteristic isotopic patterns for ions containing 
platinum and halogens. 

M-Cl. This is demonstrated by the intensity of: (1) 
M+ and (M — HX)+ fragments from the pyridine com
plexes (Table III); (2) M+ and (M - X)+ fragments from 
the Pt(Et3P)2X2 complexes (Tables IV and V); and (3) 
especially, M+ and (M — X)+ fragments from the Pt(Ph3-
P)2X2 complexes (Table VI). Vibrational studies22-23 

and thermodynamic data24 indicate the same order of 
Pt(II)-X bond strengths: M-I < M-Br < M-Cl. 

This effect of bond strength on fragmentation is parti-
ularly evident in a comparison of the 10-eV spectra of 
trans-?t(EuPhCh and ^aMS-Pt(Et8P)2I2. The parent 
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Figure 2. Mass spectrum of Pt(NH3)2Cl2 at ionizing voltage (7OeV), source temperature 245°. 

is a threshold effect for many fragmentation processes 
in these complexes. 

ion, M +, carries 96% of the ionization current in the 
spectrum of the dichloride, but only 67 % in the spec-

Table I. Major Fragments in the Mass Spectra of cis- and ^aAs-Pt(NHs)2Cl2
0 

Group mje range From cis 
-2(>194), ' /O 

From trans 

0.5 
37.0 
9.5 

13.0 
15.0 
7.0 

14.0 

Assignment0 

A 
B 
C 
D 
E 
F 
G 

333-339 
296-306 
278-288 
259-270 
238-252 
224-233 
204-215 

3.0 
30.0 
10.0 
15.5 
16.0 
6.5 

11.5 

Pt(NHj)2Cl3
+ 

M- + 
Pt(NH3)Cl2

+, Pt(NH2)Cl2" 
PtCl2

+, Pt(NH3)(NH2)Cl 
Pt(NH2)Cl+ 
PtCl+, Pt(NH2)2+ 
PtNH2

+, PtNH3
+, PtNH+ 

" 70 eV, 245-250°. b Per cent contribution to total ionization >m/e 194. c The major fragments are listed in order of abundance. 

Table II. Major Fragments in Mass Spectra of Pt(bipy)Cl2" 
and PKdPm)Cl2

6.= 

PtLCl2 mje range 2(>194),d % Assignment 

bipy 
dpm 
bipy 
dpm 
bipy 
dpm 

420-428 
434-438 
385-391 
399-403 
350-354 
364-372 

13.3 
10.7 
16.0 
10.7 
30.0 
32.0 

M- + 
M- + 
(M - Cl)+ 
(M - Cl)+ 
(M - 2Cl)+ 
(M - 2Cl)+ 

" 70 eV, 260°. ° 70 eV, 210°. « See ref 15. 
bution to total ionization >m/e 194. 

d Per cent contri-

Discussion 

Fragmentation Pathways.21 There is clear evidence 
for the following order of ease of cleavage of metal-
halogen bonds after electron impact: M-I > M-Br > 

(21) The multiplicity of Pt isotopes causes more difficulties in inter
pretation of fragmentation pathways than in many other mass spectral 
studies. Some hypotheses have been omitted from the discussion be
cause of ambiguities in interpretations.1 

Table III. Major Fragments in Mass Spectra of Pt(py)2X2" 

X 

I 
Cl 
I 
Cl 
I 
Cl 
I 
Cl 
I 
Cl 
I 

range 

2(>194),6 % 
From From 

cis trans Assignment 

I 422-430 43.5 42.0 M-
606-611 
385-390 
478-482 
349-355 
350-355 
343-349 
527-529 
307-311 
397-401 
271-276 
271-277 

33.0 
1.5 

14.0 
16.5 
10.5 
8.0 
0.5 
6.0 
8.5 

11.5 
16.5 

33,5 M-
2.0 (M - HCl)+, (M - HCl - H) + 

17.0 
16.0 
11.5 
7.5 
0.5 
6.0 
9.0 

11.5 
14.5 

(M - HI)+ 

(M - 2HCl)+, (M - 2HCl - H)+ 

(M - 2HI)+ 

(M - py)+ 
(M - py)+ 
(M - HCl - py+) 
(M - HI-py-2H)+ 
(Ptpy - H)+ 

"Pt(Pt)2Cl2, 70 eV, 250°; Pt(py)2I2, 70 eV, 220-225 = 
cent contribution to total ionization >m/<? 194. 

b Per 

(22) P. J. Hendra, Nature (London), 212, 179 (1966). 
(23) R. J. H. Clark in "Halogen Chemistry," Vol. 3, V. Gutmann, 

Ed., Academic Press, New York, N. Y., 1967, pp 94-99. 
(24) R. G. Pearson and R. J. Mawby in ref 23, pp 55-84. 
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m/e range 

500-508 
500-508 
500-508 
500-508 
465-471 
465-471 
424-435 
423-432 
425-431 
395-406 
395-406 
365-384 
339-354 
309-320 
279-292 
251-259 

IV, eV 

70 
20 
12 
10 
70 
12 
70 
20 
12 
70 
20 
70 
70 
70 
70 
70 

. 2(>194) 
From cis 

31 
37 
78 
88 

2 
6 
7 

16 
10 
6 

16 
12 
8 
8 
9 
7 

%-
From trans6 

42 
58 
89 
96 

5 
6 
6 

12 
3 
8 

10 
8 
7 
6 
6 
5 

Assignment 

M + 

M + 

M + 

M + 

(M - Cl)+ 

(M - Cl)+ 

(M - 2HCl)+ 

(M - 2HCl)+ 

(M - 2HCl)+ 

(M - 2HCl - C2H4)+ 
(M - 2HCl - C2H4)+ 
(M - PEt3)+, (M - 2HCl - 2C2H4)+ 
(M - 2HCl - 3C2H4)+ 
(PtPEt3)+ 
(PtPHEt2)+ 
(PtPH2Et)+ 

« Spectra with IV = 70 eV, 175-180°; spectra with IV = 20 eV, 130-135 ° 
(PEtS)2Cl2] •+ (w/e 500) — [Pt(PEt3)2Cl]+ (m/e 465). 

'T rans , metastable at m/e 432.5 with IV = 12 eV; [Pt-

Table V. Major Fragments in Mass Spectra of 
cis- and //Ym-Pt(PEtS)2I2

0,6 

m]e 
range 

684-689 
684-689 
684-689 
557-562 
557-562 
557-562 
499-507 
499-507 
421-434 
421-434 
392-405 
392-405 
364-377 

IV, 
eV 

70 
20 
10 
70 
20 
10 
70 
20 
70 
20 
70 
20 
70 

2(>194), % 
From 

cisc 

4 
3 

14 
12 
8 

13 
3 

18 
17 
20 
18 
12 
7 

From 
transd 

10 
13 
67 
25 
40 
33 

1 
0.2 

16 
22 
16 
20 

7 

Assignment 

M- + 
M- + 

M- + 

(M - I)+ 

(M - I)+ 

(M - I)+ 

( M - I - 2C2H4)+ 
( M - I - 2C2H4)+ 
(M - 2HI)+ 

(M - 2HI)+ 

(M - 2HI - C2H4)+ 
(M - 2HI - C2H4)+ 
(M - 2HI - 2C2H4)+ 

" 120°. 6 Ions from the mixed halide complexes cis- or trans-
Pt(PEt3)2ClI were found in the mass spectra of both diiodide com
plexes. c Cis, metastables at m/e 467, 453.5, 426, 397.5, 378, 330.5. 
d Trans, metastables at m/e 454, 426, 398, 378, 330. 

trum of the diiodide, the remaining ion density (33 %) 
occurring as (M-I)+ in the latter case. However, there 
is a large difference in the abundance of the M- + ion at 
7OeV as well (42% vs. 10%). 

Rearrangements. The loss of HX after electron 
impact on the triphenylphosphine complexes (Table VI) 
probably indicates that these complexes are undergoing 
rearrangements similar to those found in the mass 
spectra of triphenylphosphine25 and diphenylphosphi-
nates;26 in these cases cyclization occurs to form 2,2'-
biphenylphosphorus ions. In these Ph3P-Pt com
plexes, the loss of both HX and C6H6 indicates cycliza-
tions with formation of both C-C and C-Pt bonds to 
give 2 and 3, respectively. The formation of 3 is sup
ported by known solution chemistry of d8 complexes 
of Rh(I)27 and Ir(I).28 

(25) D. H. Williams, R. S. Ward, and R. G. Cooks, J. Amer. Chem. 
Soc., 90, 966 (1968). 

(26) P. Haake, M. J. Frearson, and C. E. Diebert, / . Org. Chem., 34, 
788 (1969). 

(27) G. W. Parshail, W. H. Knoth, and R. A. Schunn, / . Amer. Chem. 
Soc., 91,4990(1969). 

(28) M. A. Bennett and D. L. Milner, Chem. Commun., 581 (1967); 
A. F. Reid, J. S. Shannon, J. M. Swan, and P. C. Wailes, Aust. J. 
Chem., 18, 173 (1965). 

Formation of cyclized fragments, which have struc
tures of the kind depicted in 2 and 3, is apparently a 
common theme of fragmentation of these triphenyl
phosphine complexes. In particular, there are meta
stables in the spectrum of CW-Pt(Ph3P)2Br2 for m/e 718 
- H - -+ m/e 717 (probably 4), for 797 -HX-*- 717, 
and for loss of H2 and H • from other ions. As is clear 
from our previous paper,26 such processes are good 
evidence for these rearrangements. 

Br-Pr C6H6 

1 
J-HBr 

Op 

-CeH* 

- P 1 ^ H 

/ 
Pf C6H5 

(C6H3)2P. 

(C6H,)3P 
Pf 

Rearrangements also appear in the spectra of the 
pyridine complexes. Whereas in fragmentation the 
amine complexes (Table I) lose Cl-, the pyridine com
plexes (Table III) lose HX. This may be due to the 
acidity of the a-H's of the coordinated pyridine rings.29 

The resulting ion, m/e 478, is particularly intense in 
the spectra of the iodides. The structure of this ion 
(M - HX) may involve bridging to give 5,80 rearrange
ment to give 6, or rearrangement to give 7. 

« 0 K^3 i 

CH3 

,CH 
Pt; 

C2H. ̂  \ C2H3 

8 

(29) K. W. Ratts, R. K. Howe, and W. G. Phillips, J. Amer. Chem. 
Soc., 91, 6115 (1969). 

(30) This kind of bonding has been found in Pt(P(CtHs)S)2(CFsCN): 
W. J. Bland, R. D. W. Kemmitt, L. W. Nowell, and D. R. Russell, 
Chem. Commun., 1065 (1968). 
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Table VI. Major 

X 

Cl 
Br 
Cl 
Br 
I 
Cl 
Br 
I 
Cl 
Br 
Cl 
Br 
I 
Cl 
Br 
I 
Cl 
Br 
I 

Fragments in Mass Spectra of cis-

m/e range 

788-796 
876-884 
752-760 
797-805 
845-851 
715-724 
715-724 
715-724 
671-684 
534-540 
459 471 
459-471 
465-470 
375-382 
375-382 
377-382 
300-307 
300-307 
300-307 

and /TOWs-Pt(Ph8P)2Xj 

, -Z(>194), 
From cis 

0.8 
0.1 
1 
1 

26 
1 
5 

29 
6 
1 

13 
17 
7 

27 
30 

5 
26 
14 
5 

Pt, 

a—e 

d % • 

From trans 

19 
1.1 
7 

26 
35 
7 

24 
30 
2 
5 

12 
10 
6 

16 
10 
8 

19 
5 
6 

Assignment 

M- + 

M- + 
(M - X)+ (M - HX)+ 

(M - X)+ (M - HX)+ 

(M - X)+ (M - HX)+ 

(M - 2X - «H)+ 
(M - 2X - KH)+ 

(M - 2X - «H)+ 

( M - X - C6H6 - «H)+ 

(M - HBr - PPh3)+ 
(M - 2X - PPh3 - KH)+ 

(M - 2X - PPh3 - K H ) + 

(M - 2X - PPh3 - KH)+ 

(PtPPh2 - KH)+ 

(PtPPh2 - KH)+ 

(PtPPh2 - K H ) + 

(PtPPh - KH)+ 

(PtPPh - K H ) + 

(PtPPh - KH)+ 

" Ionizing voltage for all spectra 70 eV; source temperatures 210 and 260° for cis- and /TOKs-Pt(Ph3P)2Cl2, respectively, 215 and 270° for 
cis- and /TOKs-Pt(Ph3P)2Br2, and 160 and 280° for cis- and /TOKs-Pt(Ph3P)2I2.

 b Metastables occur in the spectra of cis- and /TOKS-Pt(Ph3P)2Br2; 
cis m/e 716, 645, 570,451,376, 338, 313, 201; trans mje 717, 646, 450. c Ions from the mixed dihalide complexes cis- and /TOKs-Pt(Ph3P)2-
ClX were found in the mass spectra of both the dibromide and diiodide complexes. See ref 19. d Peaks due to ions not containing platinum 
occur in the spectra of these compounds; spectra were normalized excluding them. 

The loss of hydrogens in the fragmentation of the 
triethylphosphine complexes, particularly as HX (Tables 
IV and V), is remarkable. The driving force for this 
may come from the acidity of the a-HYin coordinated 
phosphines81 or from the formation of C-Pt bonds 
after loss of H- at the a or /3 positions (e.g., 8 from a-
H loss). The details of these processes await study 
of other phosphine complexes and experiments with 
labeled phosphines. 

Coordinate and Covalent Bonds. Examination of 
the data in the tables clearly demonstrates that, al
though coordinate bonds do frequently cleave, many 
covalent bonds cleave competitively during fragmenta
tion in mass spectra of Pt(II) complexes. Cleavage of 
coordinate bonds appears favored but is not the only 
fragmentation process. In addition to data in the 
tables, peaks were observed in the spectra of PEt3 

complexes for loss of C2H4 and for loss of C2H4 + 
halogen although the intensities of these fragments 
were below 5 %. 

Comparison of Cis and Trans Isomers. Do the mass 
spectra of cis and trans isomers differ? If the energy 
transmitted to the complex on electron impact were 
sufficient to cause excitation to a tetrahedral state, a 
phenomenon observed in the photochemistry of these 
complexes,13 no cis-trans differences would be noted. 

There are few differences in the mass spectra of cis-
and /ra/w-Pt(NH3)2Cl2 (Table I). The major difference 
is in the abundance of [Pt(NH3)2Cl3]+ ions (Table I). 
These ions may be due to pyrolytic reactions resulting 
from the high source temperatures. This cis-trans 
difference may, therefore, be due to differences in crystal 
structures or vaporization processes32—not to any 
difference after electron impact. Yet, it is possible to 
distinguish cis and trans isomers. 

(31) Similar to phosphonium ions: W. von E. Doering and A. K. 
Hoffmann, / . Amer. Chem. Soc, 77, 521 (1955). 

(32) An attractive hypothesis for the greater intensity of ion A from 
the cis isomer would involve the greater intermolecular forces in the cis 
isomer due to its large dipole moments vs. zero dipole moment of the 
trans isomer. 

The results therefore indicate that for the NH3 com
plexes and for the pyridine complexes (in the spectra of 
which there are no differences exceeding experimental 
error) electron impact may be sufficient to cause 
excitation to the tetrahedral state. Alternatively, frag
mentation pathways may simply not differ significantly 
even though the cis and trans configurations are re
tained after electron impact. 

In all other nonchelated complexes, there are clear 
differences in the mass spectra of cis and trans isomers: 
(1) M+ is more abundant in the spectrum of trans-Pt-
(PEt3)2X2 than in the spectrum of the cis isomer, 
especially when X = I (Tables IV and V). This is 
probably a manifestation of the trans effect33 after elec
tron impact. (2) In the rearrangements of Pt(PPh3)2-
Br2 complexes, the mje 111 fragment (probably 4) is 
even more abundant in the spectrum of /TOnS-Pt(PPhS)2-
Br2 than in the spectrum of the cis isomer. An attrac
tive explanation is that there is an increased amount of 
concerted loss of HBr from mje 191 due to the statisti
cally larger number of neighboring Br's and ortho H's 
in the trans isomer compared to the cis isomer. The 
metastable at mje 338 is present in the spectrum of the 
cis isomer, but absent in the spectrum of the trans 
isomer. It appears to correspond to loss of Br2 in the 
process mje 614 -*• mje 456. Its absence in the spec
trum of the trans isomer may be due to the lack of ad
jacent bromines. Both these differences between cis 
and trans isomers indicate retention of configuration 
after electron impact. 

The question of tetrahedral states after electron im
pact on tetragonal planar compounds may be complex. 
Since M-+ is different electronically from the parent 
molecules, it could have a different configuration with 
lowest energy. It appears that the state of lowest en
ergy of the radical ions generated from phosphine com
plexes is not tetrahedral because of the differences we 
observe in the spectra of cis-trans pairs. But the energy 

(33) F. Basolo and R. G. Pearson, "Mechanisms of Inorganic Re
actions," 2nd ed, Wiley, New York, N. Y., 1967, Chapter 5. 
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required to achieve a tetrahedral configuration may be 
imparted to some but not all radical ions after electron 
impact. A closer study will be necessary to elucidate 
completely these possibilities. 

Chelates Compared to Nonchelates. We have studied 
the nonchelated Pt(py)2X2 complexes and the chelates, 
Pt(bipy)Cl2 and Pt(dpm)Cl2.

15 The chelates appear 
to fragment by consecutive loss of Cl • from the parent 
ion. In contrast, when halogen is lost from a pyridine 
complex, it is lost as HX (see above). This contrast 
may indicate that 7 is the preferred structure of the 
rearranged ion from the pyridine complexes. The 
abundances of the parent ions, M+, in these complexes 
indicate that there is more cleavage of the Pt-Cl bond 
in the chelates. This may be associated with initial 
formation of a delocalized structure (1O)34 from the dpm 
chelate (9) in which case the cyclic delocalized system 

9 10 

in the chelates may be responsible for the ready cleav
age of Pt-Cl bonds. Although substitution of Cl -

in solution is facilitated by the delocalized ring in bipy-
Pt(Il) complexes,16'33 displacement at platinum(II) 
is associative33'35 rather than dissociative as in Pt-X 
cleavage after electron impact. The similarity of dpm 
and bipy chelates in these mass spectral studies suggests 
that the ready Pt-Cl cleavage after electron impact is 
due to derealization rather than angle strain36 since 
the dpm ring should be unstrained. In both substitu
tions and cleavage after electron impact, the labilizing 
effect of the delocalized chelate system may be due to 
weakening of Pt-Cl bonds. Although infrared1'37 

and Raman1 studies demonstrate higher P(Pt-Cl) in 
Pt(bipy)Cl2 then in Pt(py)2Cl2, this is not necessarily 
inconsistent with the mass spectral data since the 
stretching frequency is a measure of the width at the 
bottom of the vibronic potential well but the bond dis
sociation energy is a measure of the energy difference be
tween the zero-point energy and the dissociated frag
ments. Therefore, if the dissociated Pt fragment can 
be stabilized by derealization, the bond will dissociate 
more readily. 

Summary. The many interesting phenomena ob
served in these mass spectral studies may need further 
investigation in order to define them and fully clarify 
them. However, it is clear that mass spectrometry can 
be a useful tool in the identification of platinum(II) 
complexes. In these studies it has been demonstrated 
that parent peaks and, therefore, molecular weight of 
complexes can be detected, that cis and trans isomers of 
complexes give different spectra, and that chelates give 

(34) Similar to the delocalized system in acetylacetone. 
(35) P. Haake, Proc. Chem. Soc, London, 278 (1962); C. Langford 

and H. B. Gray, "Ligand Substitution Processes," W. A. Benjamin, 
New York, N. Y., 1966. 

(36) F. Basolo, H. B. Gray, and R. G. Pearson, / . Amer. Chem. Soc, 
82, 4200 (1960). 

(37) T. Boschi, G. Deganello, and G. Carturan, / . Inorg. Nucl. Chem., 
31, 2423 (1969). 

different spectra from nonchelates. It appears that 
mass spectrometry will be a useful technique in the 
chemistry of tetragonal planar complexes. 

Experimental Section 
Mass spectral data were obtained with a Model MS9 Associated 

Electrical Industries, Ltd. double-focusing, high-resolution mass 
spectrometer. Samples were introduced directly into the inlet 
line of the mass spectrometer. 

Preparation of cis- and fra;w-Pt(py)2X2. Kauffman's method38 

was used to prepare the dichloride complexes; the isomers were 
recrystallized from chloroform. Anal. Calcd for Ci0H1OCl2N2Pt: 
Pt, 46.01; C, 28.30; H, 2.38. Found, cis: Pt, 46.26; C, 28.45; 
H, 2.37. Found, trans: Pt, 46.30; C, 28.50; H, 2.59. 

The diiodide complexes were prepared from the corresponding 
dichlorides by metathesis with excess KI (1:30, mol) in an acetone-
chloroform-water mixture. The isomers were recrystallized from 
acetone. No Pt-Cl stretching bands were observed in the infrared 
or Raman spectra of the complexes.1 

Preparation of cis- and /ra/!i-Pt(PEt3)2Cl2. A mixture of K2PtCl4 

(10.4 g, 0.025 mol) dissolved in 50 ml of water and triethylphos-
phine39 (5.8 g, 0.050 mol) was stirred under nitrogen at 100° 
for several hours. The resulting yellow solid was filtered off and 
extracted with 20-40° petroleum ether. The grayish residue was 
recrystallized from hot ethanol and filtered through charcoal on 
Celite to give large white needles, mp 191° (lit.,40 192°) after drying 
at 56° under reduced pressure. Anal. Calcd for Ci2H3OCl2P2Pt: 
C, 28.69; H, 6.02. Found: C, 28.75; H, 6.28. 

Two Pt-P stretching bands at 425 and 442 cm"1 were found in 
the far-infrared and Raman spectra, as well as Pt-Cl stretching 
bands at 307 and 283 cm - 1 , indicative of the cis isomer of Pt-
(PEtS)2Cl2.

1'40 

The yellow petroleum ether solution yielded bright yellow 
prisms (trans isomer) on evaporation, mp 141° (lit.,40 142°) after 
drying at 56° under reduced pressure. Anal. Found: C, 
28.84; H, 6.08. 

A single Pt-P stretching band at 416 cm - 1 and a single Pt-Cl 
stretching band at 341 cm - 1 were found in the far-infrared, indica
tive of the trans isomer OfPt(PEtS)2Cl2.

1-40 

Preparation of cis- and rra/«-Pt(PEt3)2I>. Metathesis of an 
ethanol-water (1:1, v/v) solution of c/s-Pt(PEt3)2Cl2 with an 
excess of KI (1:30, mol) at room temperature for 1 hr gave an 
isomeric mixture of the diiodide complex. The mixture was first 
recrystallized from hot ethanol, then extracted with hot diethyl 
ether. The yellow residue was recrystallized from ethanol-water 
(1:1, v/v) to give pale yellow needles of the cis isomer, mp 138-140° 
(lit.,41 137°). Two Pt-P stretching bands at 444 and 428 cm"1 

were observed; no Pt-Cl stretching band was observed. 
The ether extract was recrystallized from hot ethanol to give dark 

yellow-orange prisms of the trans isomer, mp 136-137° (lit.,41 

136-137°). A single Pt-P band at 413 cm - 1 was found in the far-
infrared; no Pt-Cl stretching band was observed. 

Preparation of Cu-Pt(Ph3P)2X2. Grinberg and Razumova's 
method42 was used to prepare Cw-Pt(Ph3P)2Cl2; white needles, 
mp 304-306° (lit.,43 310° dec), were obtained by recrystallization 
from hot chloroform-acetone (3:1, v/v). Two Pt-Cl stretching 
bands were found at 316 and 293 cm ' 1 in the infrared, 323 and 
299 cm - 1 in the Raman, characteristic of CU-Pt(Ph3P)2Cl2.

44 

The cis dibromide complex was produced by metathesis of the 
dichloride with excess LiBr (1:24, mol) in refluxing chloroform 
to give a yellow powder, mp 307-309° (lit.,45 300° dec), showing 
no Pt-Cl stretching band in the infrared. An unidentified colorless 
solid was isolated from the mother liquor. 

The cis diiodide was produced by metathesis of the dichloride 
with excess KI (1:50, mol) in a refluxing equivolume mixture of 
ethanol, acetone, water, and chloroform to give a bright yellow 
powder, mp 303-304° (lit.,45 orange-yellow, 285°), and a prismatic 

(38) G. B. Kaufman, Inorg. Syn., 7, 249 (1963). 
(39) H. D. Kaesz, Ph.D. Dissertation, Harvard University, Cam

bridge, Mass., 1958. 
(40) P. L. Goggin and R. J. Goodfellow, / . Chem. Soc. A, 1462 

(1966). 
(41) K. A. Jensen, Z. Anorg. AlIg. Chem., 229, 225 (1936). 
(42) A. A. Grinberg and Z. A. Razumova, J. Appl. Chem. USSR, 27, 

91 (1954). 
(43) J. C. Bailar, Jr., and H. Itatani, Inorg. Chem., 4, 1618 (1965). 
(44) J. Chatt and B. T. Heaton, / . Chem. Soc. A, 2745 (1968). 
(45) G. Booth, Adcan. Inorg. Chem. Radiochem., 6, 1 (1964). 
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orange solid, mp 314-316°, also shown to be the cis diiodide.46 

These two polymorphs were separated by fractional recrystalliza-
tion from chloroform. No Pt-Cl stretching band was observed 
in the infrared spectrum of the yellow powder; the rest of the 
spectrum was nearly identical with that of CK-Pt(Ph3P)2Cl. 

Preparation of ^aWi-Pt(Ph3P)2X2. The trans isomer of Pt-
(Ph3P)2Cl2 was prepared from the cis isomer by photochemical 
methods.13 Lemon-yellow crystals, mp 306-309° (lit.,47 307-310°), 
were produced by recrystallization from benzene. A single strong 
Pt-Cl stretching band at 344 cm-1 was observed in the infrared.46 

The trans dibromide was prepared by metathesis of the trans 
dichloride with excess LiBr (1:100, mol) in refluxing ethanol-

(46) Single-crystal X-ray study, S. H. Mastin, unpublished results. 
(47) A. D. Allen and M. C. Baird, Chem. Ind. {London), 139 (1965). 

The crystallographic studies on transition metal-
EDTA (ethylenediamine-./V,iV,./V',/V'-tetraacetate, 

H4Y) complexes by Hoard and his group1 showed struc
tural possibilities A-D in the solid state (Figure 1). 
Except in the case of substitution-inert cobalt(III) com
pounds,2 the structure of these complexes in solution 
is still an unsettled question. 

The common pK value exhibited toward protonation 
led Higginson3 to postulate that the divalent metal 
complexes had structure B both in the protonated and 
unprotonated forms. Colorimetric studies of Nan-
collas4 shed doubt on this conclusion. Bhat and 
Krishnamurthy5 deduced from the pH dependence 
of the electronic spectra of Ni(II), Co(II), and Cu(II) 
complexes that at neutral pH at least some of the 

(1) (a) H. A. Weakliem and J. L. Hoard, J. Amer. Chem. Soc, 81, 
549 (1959); (b) G. S. Smith and J. L. Hoard, ibid., 81, 556 (1959); (c) 
S. Richards, B. Pederson, J. V. Silverton, and J. L. Hoard, Inorg. 
Chem., 3, 27 (1964); (d) M. Lind, M. J. Hamer, T. A. Hamer, and J. L. 
Hoard, ibid., 3, 34 (1964). 

(2) I. A. W. Shimi and W. C. E. Higginson, / . Chem. Soc. A, 260 
(1962). 

(3) W. C. E. Higginson, ibid.. A, 2761 (1962). 
(4) A. P. Brunetti, G. H. Nancollas, and P. N. Smith, / . Amer. Chem. 

Soc, 91, 4680(1969). 
(5) T. R. Bhat and M. Krishnamurthy, J. Inorg. Nucl. Chem., 25, 1147 

(1963). 

water (100:1, v/v) with periodic addition of small portions of 
chloroform, to give a dark yellow solid, mp 309-310°, with no 
Pt-Cl band in the infrared. The remaining infrared spectrum was 
nearly identical with that of the trans dichloride. 

Metathesis of the trans dichloride with excess NaI (1:500, mol) 
in a refluxing mixture of water, acetone, ethanol, and chloroform 
(2.5:1:1:1, v/v) gave a yellow-orange powder, mp 296-299°, on 
evaporation of the chloroform layer; no Pt-Cl band was found 
in the infrared. 
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EDTA was hexadentate (structure A) and that one 
carboxylate arm was removed by protonation. The 
predominant outer-sphere oxidation6 of Co(II)-EDTA 
solution to the inert Co(III)-EDTA ion (Fig. IA) sug
gests that in neutral solution Co(II)-EDTA has struc
ture A also. Margerum and Rosen7 have observed 
temperature-jump relaxation OfNi(II)-EDTA solutions 
at pH 8 and conclude that there is a coordinated water 
molecule present. Matwiyoff,8 from a combination of 
13C and 17O nmr data, concluded that the nickel-
EDTA complex has structure A in neutral solution 
and B in acid solution. Higginson and Samuel,9 

on the other hand, deduce from the formation constants 
of monodentate ligands with EDTA complexes in 
neutral solution that for several divalent metals an 
equilibrium exists between hexadentate (structure A) 
and pentadentate (structure B) forms. 

We have used 17O nmr to investigate the structures 
and water-exchange kinetics of Ni(II)-EDTA solutions. 

(6) R. G. Wilkins and R. Yelin, J. Amer. Chem. Soc., 89, 5496 (1967). 
(7) D. W. Margerum and H. M. Rosen, ibid., 89, 1088 (1967). 
(8) N. A. Matwiyoff, C. E. Strauss, and L. O. Morgan, ibid., 92, 5222 

(1970). 
(9) W. C. E. Higginson and B. Samuel, / . Chem. Soc. A, 1579 (1970). 
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Abstract: At pH 2 the nickel(II)-EDTA complex appears to exist as Ni(H2O)HEDTA- with one (protonated) 
acetate arm replaced by a water molecule. Kinetic parameters for water exchange with this species are ki(25°) = 
(2.0 ± 0.1) X 10s sec -1 ,A#* = 9.8 ± 0.3 kcalmol-1, andAS* = -1.5 ± 2calmol-1deg-1. The scalar coupling 
constant Ajh for the Ni-O interaction is (2.3 ± 0.1) X 107 Hz. At pH 6-7, evidence for significant amounts of an 
aquo-EDTA complex was found. It was concluded that a six-coordinate species, Ni(H2O)(EDTA)2-, with one un
protonated acetate arm off, best explains the observations. Kinetic parameters for this species are ki{25°) = (7 ± 
0.5) X 105 sec-1, A//* = 8.0 ± 0.5 kcal mol-1, and AS* = -7.0 ± 2 cal mol"1 deg-1. The scalar coupling con
stant A/his(2.6 ± 0.2) X 107Hz. Effects of substitution on water lability are discussed as well as structural implica
tions. The nickel(II)-ethylenediaminedisuccinic acid (EDDS) complex also appears to have a small percentage 
of aquo form present at high pH. 
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