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TABLE 111 
STABILITY CONSTASTS OF THE MOSOCLYCINATE COMPLEXES 

__-_________Temp o c  _-_-_______ 7 

Ion 0 11 25 40 55 
Ce 2 . 2 1  0 . P  . . .  3 . 4  i 0 . 4  5 0 1 0 . 6  5 . 7 1  0 . 6  
P m  2 . 8 1 0 . 3  8 . 3 & 0 7  4 . 7 & @ . 3  6 . 2 * 0 5  _ . .  
Eu 4 . 1  1 0 . 3  5 . 0  1 0 . 3  6 . 0  1 0 . 4  8 . 0  1 0 . 3  
Am 3 . 0 & 0 . 4  3 . 7 1 0 . 1  4 . 9 1 0 . 2  6 . 0 3 ~ 0 3  , , .  

Cm 4 . 2 1 0 . 2  4 . 6 ~ 0 . 6  6 . 4 1 0 . 2  8 . 9 1 0 . 3  , . .  

a The error assigned is twice the standard deviation (2u) .  

The results of the calculation of enthalpy values from 
the temperature differential method are given in Table 
IV  with values of hG and AS.  In  all cases the enthalpy 

TABLE I Y  

COMPLEXES AT 25.0" AND p = 2.0 118 (XaClOa) 
T H E R M O D Y S A M I C  PARAMETERS FOR THE MONOGLYCINATE 

Ion AG, kcal mol-l A H ,  kcal mol -1 AS,  cal deg -1 mol -1 

Ce 0.75 i 0.03 3 . 3  i 0 . 4  14 2 
Pm 0 .91  i 0.03 3 . 5  i 0 . 4  15 i 2 
Eu 0.99 It 0.02 2 . 3  f 0 . 4  11 i 2 
Am 0.93 i 0.02 2 . 9  f 0 . 4  13 f 2 
Cm 1 . 1 2 f  0.02 3 . 3  f 0 . 4  15 f 2 

is positive and, hence, opposed to complexation. These 
endothermic values are larger than for the monoacetate 
complexing7 and comparable to the monoisobutyrate 

data.* The driving force for the complex formation 
is the positive entropy which is comparable to that of the 
monocarboxylate complexes. The similarity of the AH 
and A S  values to those for the simple carboxylate 
anions, in contrast to the disagreement with the values 
for the a-hydroxycarboxylate c o r n p l e ~ e s , ~ ~ ~  leads to 
the conclusion that the glycinate zwitterion forms inner- 
sphere, monodentate complexes with the trivalent lan- 
thanide and actinide ions. The agreement between 
the entropy values of the acetate and glycinate complex- 
ing indicates that  the effect on the hydration of the 
cation is comparable. Consequently, the lower sta- 
bility of the glycinate complexes as determined by the 
more endothermic enthalpy is probably due to decreased 
ionic attraction in the zwitterion complex XI3+. * . 
-02CCH2NHa+ than in the acetate where the ligand 
positive charge is absent, M3+.  . . -02CCH3. 

Acknowledgment.-This research was supported by 
the U. S. Atomic Energy Commission under Contract 
AT-(40-1)-17917. We wish to thank Mr. Jose L. Vinelli 
for valuable assistance with the experimental work. 

(7) I. Grenthe, Acta Chem. Scand., 18, 283 (1964). 
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Complexes of nonamethylimidodipliosphoraniide, [ (CHa)2N]2P(O)iY(CH3)P(O) [N(CHZ)~]U,  with both transition and non- 
transition metal perchlorates have been prepared. The coordinating ability of nonamethylimidodiphosphoramide ( S I  PA) 
is quite similar to that of octametliylpyrophosphoramide (OMPA). Infrared evidence is in agreement with the formation 
of a six-membered chelate ring between the phosphoryl oxygens of SIPX and the metal ions. The Dq value of N P A  to- 
ITard Si(I1) is the same as that for OMPX (726 ils. 727 cm-l) while the p" value for KIPA with Si(I1)  is lower (9.7 is. 
11.1%). The substitution of the S-methyl group for the bridge oxygen of OMPX appears to have little effect on the stability 
of the complexes 

Introduction 
Donoghue and Dragoz prepared a series of metal com- 

plexes of hexamethylphosphoramide (H;lIP,4). The 
infrared data for these complexes are in support of co- 
ordination of the metal ions to the phosphoryl oxygen 
atom of the ligand. The transition metal perchlorate 
complexes isolated by them were generally four-co- 
ordinate and spectral data were indicative of tetra- 
hedral geometry. 

We have found that octamethylpyrophosphor- 
amide (OXPA) is a very versatile bidentate ligand.3 
This ligand can be pictured as two HMPA molecules 
combined through a P-0-P linkage which has replaced 
one dimethylamino group on each HMPA molecule. 

(1) NASA Predoctoral Fellow. 
(2) J. T. Donoghue and R.  S .  Drago, Z i i o v g .  Chein . ,  2, 1158 (1963). 
( 8 )  11. D. Joesten, i b i d . ,  6, 1,598 (1967). 

OhIPX acts as a bidentate ligand utilizing both phos- 
phoryl oxygen atoms Recent X-ray studies4 have 
confirmed the previously proposed3 six-membered che- 
late ring n hich is formed between the metal ions and 
the pyrophosphate linkage of OXPA The high sta- 
bility of these complexes was attributed to the chelate 
effect 

The purpose of the present study was to examine the 
coordinating ability of the ligand obtained by replacing 
the P-0-P oxygen atom with an K-methyl group The 
resulting ligand, nonamethylimidodiphosphoramide 
(NI PA) 

0 0 

X-P-s -P-X 

X CHa X 

I1 1 1  

I l l  
- ~~ 

(4) I1 I> Joesteii and P G Lenhert t o  be submitted fol piib~icatlon 
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where X = N(CH&, forms complexes with both transi- 
tion and nontransition metals which show no signs of 
decomposition after standing in a desiccator for several 
months. The preparation and characterization of these 
complexes will be reported in this paper. 

Experimental Section 
Reagents.-?v’onamethylimidodiphosphoramide was prepared 

The preparatiou involved the sequence by a reported method .5 

of reactions 

[(CH3)zX]zP(O)Cl f 2CHaNHz + 
[(CH3)2r\;lzP(O)N(CHa)H + CHaNHdJ (1) 

[ (CH~)ZN]ZP(O)N(CH~)H + Na + 
[(CH,)ZNIZP(O)N(CH,)N~ + ‘/zHz (2) 

[ (CH~) ,NIZP(O)N(CH~)N~ 4- [ ( C H ~ ) Z N I ~ P ( O ) C ~  + 
NIPA + NaCl (3) 

Pentamethylphosphoramide in reaction 1 was prepared by a 
reported procedure.6 N,N’,N”,N”’-Tetramethylphosphordi- 
amidic chloride, [(CH3)&]zP(O)Cl, was obtained from K & K 
Laboraiories, Inc. Nonamethylimidodiphosphoramide was puri- 
fied by fractional distillation and the fraction which boiled in the 
range 135-137” at 0.15 mm was collected. The ligand is very 
hygroscopic and a good melting point was difficult to obtain. 
The melting point range was 50-58” compared to  a reported 
value of 58”. 

Preparation of Complexes.-All of the complexes except those 
of Hg(Ct04)~, Th(C10&, UOZ(ClO&, and the tris complex of 
C U ( C ~ O ~ ) ~  were prepared by the following method. The hydrated 
metal perchlorates were dehydrated by stirring with excess 2,2’- 
dimethoxypropane. Enough ligand was added in an acetone 
solution to give slightly more than a 3: 1 ratio of ligand to de- 
hydrated metal salt. Precipitation of the complex began as 
soon as the solutions were well mixed. Precipitation was com- 
pleted by addition of excess anhydrous ether. The solution was 
decanted from the complex and q few milliliters of acetone was 
added. The mixture was shaken and anhydrous ether was again 
added to reprecipitate any complex which dissolved. This ace- 
tone-ether wash was repeated about four’or five times. The 
complex was then collected on a filter and washed with anhydrous 
ether under a nitrogen blanket. The filtered product was then 
dried in vacuo for about 12 hr. 

The tris complex of cu(C104)1 was prepared by adding ligand 
(0.005 mol) to a solution of the hydrated salt (0.001 mol) in 15 
ml of acetone. The volume of the solution was then reduced 
almost to dryness either with a water aspirator or by blowing 
nitrogen over the solution. The complex formed as colorless 
crystals. The complex was washed thoroughly with ether and 
then dried in vacuo. 

The complexes of Hg(ClO4)n and UO~(Cl04)z were prepared in 
the same manner as above except that 2,2’-dimethoxypropane was 
not used. The hydrated salts were dissolved in acetone or 
methanol and the rest of the previous procedure was followed. 

The Th(ClO& complex was prepared by dissolving the hy- 
drated salt in acetone and then enough ligand in acetone solution 
was added to give slightly more than 4: 1 ratio of ligand to salt. 
A white gummy solid remained after stirring. This solid was 
kneaded with a stirring rod in an excess of anhydrous ether. 
Several portions of ether were used, and the kneading was con- 
tinued until a white powder remained. The white powder was 
collected on a filter and washed with ether under a nitrogen 
blanket. The solid was dried in vacuo for about 24 hr. 

The complexes are soluble in polar organic solvents such as 
acetone, nitromethane, methapol, and acetonitrile but are in- 
soluble in nonpolar solvents such as carbon tetrachloride, ben- 

(5) Chemische Fabrik, Joh A. Benckiser GmbH (by H. Rudy and A. Deho) 
German Patent 1,042,582 (Nov 6, 1958) (cl. 120); Chem. Abstv., 65, 144% 
(1961). 

(6) 12. L. Aiceneaux, J. G. Frick, Jr.,  E. K. Leonard, and J. D. Reid, J .  Oug. 
Chem., 24, 1419 (1959). 

zene. hydrocarbons, and ether. The complexes are also sol- 
uble in water but decompose immediately to the hydrated metal 
perchlorates. They are stable in air and are not hygroscopic. 

Analytical data for the complexes are presented in Table I. 

TABLE I 
AKALYTICAL DATA FOR NIPA COMPLEXES” 

Compound 
MgLs(C1Oa)z 
CaLs(ClO4)z 
SrLs( Clod 2 

BaLa(C1Oa)z 
AlLa(CIOd3 
MnLa(C1Oa)z 
FeLa(ClO4)s 
CoLa(ClO4)z 
NiLa(ClO4)z 
CuLz(ClO4)z 
CuLs(ClO4)z 
ZnLa(C104)z 
HgLs( (2104)  2 

ThLa(C1Oa)r 
UOZL3(C104)2 

yo carbon Yo hy 
Calcd Found Calcd 
2 8 . 9  28 .9  7 . 2 8  
2 8 . 5  28 .3  7 .18  
27.4 27.6 6 . 8 9  
2 6 . 3  25.6 6 .61  
2 6 . 5  26.6 6 . 6 8  
28 .2  27 .8  7.09 
25 .9  26 .0  6 .52  
2 8 . 1  27.9 7.06 
2 8 . 1  2 7 . 8  7 . 0 6  
2 5 . 1  25.4 6 . 3 1  
2 8 . 0  27 .8  7.04 
2 7 . 9  27 .8  7 .03  
25 .0  25.0 6 . 2 9  
2 3 . 7  2 3 . 5  5.96 
23.9 2 3 . 3  6 .02  

drogen 
Found 
7 .18  
7.02 
7.02 
6 .58  
6 . 7 0  
7 . 0 1  
6.69 
6 . 9 0  
7.02 
6.47 
7.10 
7 . 0 5  
5 . 9 9  
5 . 9 4  
5 .93  

% nil 
Calcd 
18.7 
1 8 . 5  
17 .7  
17.0 
17.2 
18 .2  
1 6 . 8  
18 .2  
18.2 
16 .3  
18 .1  
18 .1  
16 .2  
15 .3  
15.5 

:ragen 
Found 

18.2 
17 .7  
17 .3  
16.6 
1 6 . 6  
17 .9  
16 .7  
1 8 . 0  
1 7 . 8  
1 6 . 4  
17 .9  
18 .2  
15 .9  
14 .9  
14 .9  

Color 
White 
White 
White 
White 
White 
White 
Yellow 
Pink 
Yellow 
Pale blue 
White 
White 
White 
White 
Yellow 

4 Elemental analyses were done by Galbraith Laboratories, 
Knoxville, Tenn. 

Conductance Measurements.-A conductance bridge manu- 
factured by Industrial Instruments, Inc., was used to  measure 
the conductivities of the complexes in nitromethane solutions. 
A platinum dip-type cell with a cell constant of 0.11 was used. 
The conductance data are summarized in Table 11. 

Compound 
NIPA 
MgLa(C104)za 

CaLa (Clod 2 

SrLs(Cl0a)z 

BaLa(C104)z 

AILs(C104)a 
MnLa(C1Oa)z 

FeLs(Cl0a)a 
CoLs(ClO4) 2 

NiLa(Cl0a)z 

CULd ClO4) z 

CULS(ClO4)Z 

ZnLa(ClO4)z 

HgLa(C1Oa)a 

ThLa ( ClO4)ab 
U02La(C104)2 

TABLE I1 
INFRARED SPECTRAL AND CONDUCTANCE 

DATA FOR NIPA COMPLEXES 
A m o ~ a r ,  

v-  v- Y -  Y- cm2 
(P=O), (PNP) ,  (PXC),  (PNC),  ohm-’ 

cm-1 cm-1 cm-1 cm-1 mol-1 
1195 885 978 745 
1215s 900 980 746 190 
1179 w 990 
1161 m 
1209s 895 990 749 191 
1195m 978 
1160 w 
1185s 885 989 751 187 
1155 sh 
1182 880 988 749 104 
1155 sh 
1170 900 993 760 264 
1202 s 900 980 750 181 
1161 m 990 
1168 s 889 995 760 253 
1201s 900 980 749 180 
1160 m 990 
1203s 900 981 749 177 
1162 m 99 1 
1155s 892 1005 758 179 

990 
1202s 902 991 750 190 
1165 m 983 
1204s 901 980 748 185 
1162 m 990 
1180m 885 989 751 188 
1141 m 
1172 891 995 758 286 
Broad 985 753 164 

Concn 

M 

1 . 0 1  

x 103, 

1 .02  

1 . 0 4  

1 .00  

1 .04  
1 .02  

0 .99  
1 . 0 1  

1 . 0 1  

1 . 3 0  

1 . 0 2  

1 .00  

1 .03  

1 .00  
1.03 

a s, strong; m, medipm; w, weak; sh, shoulder. * KBr pellet. 

Spectral Measurements.-Infrared spectra were obtained for 
Nujol mulls of the complexes with a Beckman IR-10 spectro- 
photometer. The ir data are summarized in Table 11. Near- 
infrared, visible, and ultraviolet spectra were obtained with a 
Beckman DK-2A spectrophotometer. 

Calculation of Dp and Po.-The Dp and P o  parameters were 
calculated by the standard procedure.’ The Dq value of NIPA 

(7) R. S. Drago, “Physical Methods in Inorganic Chemistry,” Reinhold 
Publishing Corp., New York, N. Y., 1965, pp 410,411. 
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toward Ni(I1) is 727 cm-I ilODy = 7273 cm-l). The value cal- 
culated for the P-F term splitting is 14,300 cm-l and P o  is 9.7%. 
The calculated frequency of the middle peak is 12,300 cm-I and 
the experimental value is 12,407 cm-'. These spectral data 
are in support of octahedral Si(II) in acetone solution. 

Results and Discussion 
The complexes of nonarnethylirnidodiphosphor- 

amide are very similar in appearance and properties 
to the corresponding octamethylpyrophosphoramide 
complexes. This is to be expected since the only differ- 
ence between the two ligands is the substitution of an 
N-methyl group for the bridging oxygen in OMPA. 

For solutions of electrolytes in nitromethane, molar 
conductance values are usually in the range 15-20 cni2 
ohm-' mol-' or less for nonelectrolytes, 80-90 cm2 
ohm-' mol-' for 1 : 1 electrolytes, 130-180 cm2 ohm-' 
mol-' for 2 :  1 electrolytes, and 200-250 cm2 ohm-' 
mol-l for 3 : l  electrolytes.8 The values found for 
the NIPA complexes (Table 11) are slightly higher than 
these ranges but are in agreement ni th  those obtained 
for the corresponding OMPA ~omplexes .~  Xolar con- 
ductance values were measured over the 10-2-10-4 J!! 
concentration range in nitromethane for NIPA com- 
plexes of Sr(II), Mn(II) ,  Fe(III) ,  and Al(I1I) perchlo- 
rates. The relative difference in the molar conduc- 
tance values for 2 : 1 and 3 : 1 electrolytes was maintained 
over the 10-'-10-4 concentration range with all 
molar conductance values increasing with dilution, as 
expected. Therefore, no special association effects or 
solvolysis reactions seem to be present. Although no 
range of values was given for 4 : 1 electrolytes, the values 
of 315 and 286 cm2 ohm-' mol-' obtained for Th- 
(OM PA) ( C104) and Th(  N I PX)4 (C104) 4 ,  respectively, 
seem reasonable. 

The visible and near-infrared spectrum of the iYi(I1) 
complex in acetone solution consists of three low-in- 
tensity peaks a t  420 ( E  17), 806 ( E  e), and 1376 mp ( e  5 ) .  
The Nujol mull spectrum of the Xi(I1) complex was 
obtained by using the technique reported by Lee, 
Griswold, and Kleir~berg.~ A peak was observed 
a t  418 mp which is in good agreement with the 420-mp 
peak obtained in acetone. Peaks corresponding to 
those observed at 806 and 1376 mp in acetone are ap- 
parently too weak to be observed b y  the mull technique. 

The acetone spectrum is typical of octahedral Ni(I1) 
and the peaks a t  420, 806, and 1375 mp can be assigned 
to the electronic transitions 3A2, + 3T1,(P), 3A2s -+ 
3T1,(F), and 3A2, 4 3T2,, respectively. The 3X2g +. 
3T2, transition is equal to 1ODy in the octahedral con- 
figuration, and for Ni(NIPA)3(C104)2 this is 7273 cm-'. 
The Dq value of NIPA (727 cm-') is the same as that  of 
OMPA (726 cm-l).10 This places NIPA a t  the lower 
end of the spectrochemical series. The P o  value for 
NIPA is 9.7% compared to 11,2T0 for OMPA.'O Thus 
NIPA is also at the lower end of the nephelauxetic 
series. 

The spectrum of Co(NIPA4)3(C10& in acetone 
indicates the presence of octahedrally coordinated Co- 

(8) N. s. Gill and R. S .  Syholm, J .  Cheln .  Soc., 3997 (1959). 
(9) K .  H. Lee, E. Griswold, and J. Kleinberg, IIZOJ,~. Chevz., 3, 1278 (1964). 
(10) 11. U. Joesten and K. h l .  Nykerk, ib id . ,  3, 548 (1964). 

(11). The visible spectrum has one low-intensity peak 
a t  542 m p  ( E  26). The peak is asymmetric which can 
be attributed to an unresolved peak a t  about 500 mp. 
The Nujol mull spectrum of the Co(I1) complex has a 
peak at 538 mp. The similarity of the mull and solu- 
tion spectrum is evidence that no change in species oc- 
curs when the complex is dissolved in acetone. 

U'almsley and Tyree" observed a peak at 538 mp 
Lvith a shoulder a t  467 mp for C O ( L ) ~ ( C ~ O ~ ) ~  where 
L = (C~HVO)~P(O)CH~P(O)  (OC3H7)2. The peak a t  
538 mp was attributed to the transition 4T1, 4 4Azg(F), 
and the peak a t  476 mp to the transition 4T1, -f 4T1,- 
(P). The peaks for Co(NIPA)3(C101)2 which corre- 
spond to these transitions are a t  542 and 500 mp. 

Since the coordinating ability of NIPA is similar to 
that of OMPA, n-e were interested in the possibility of 
isolating a tris chelate of Cu(I1) with NIPA. When 
the same conditions as those for the preparation of Cu- 
(OM PA) 3(C1O4) are used, only Cu ( NIPA)2 (C104) is 
obtained.12 However, by altering the procedure (see 
Experimental Section) i t  is possible to isolate Cu- 
(NIPX)3(C10J2. Since the color of the his complex of 
Cu(I1) with NIPA is pale blue while the tris complex is 
colorless, we decided to  examine the electronic spectra 
of these complexes. 

The spectra of both Cu(NIPA)2(C101)z and Cu- 
(NIPA)3(C10J2 in acetonitrile give a charge-transfer 
peak at  281 mp ( E  1800). The spectrum of CU(NIPA)~- 
(Clod)* in nitromethane gives an asymmetric peak 
with a maximum a t  815 my ( E  43). This type of spec- 
trum is characteristic of tetragonal Cu(1I) . la  As 
excess NIPA is added to the his complex, the spectrum 
changes as shown in Figure 1. Curve 2 in Figure 1 
agrees v i th  that obtained for the spectrum of Cu- 
(NIPX)3(C104)z when enough extra NIPA has been 
added to make the total ratio of ligand to metal 4 : l .  
When a large excess of NIPA is added, the peak appears 
to begin to resolve into three or four peaks. Addition 
of more NIPA results in a cloudy solution. The pres- 
ence of the isosbestic points at 392 and 862 rnp indicates 
that  the two major species present in solution are Cu- 
(NIP4)r2+ and C U ( N I P A ) ~ ~ + .  The spectrum of 
Cu(NIPAl)3(C104)2 is quite similar to that of Cu- 
(OMPA)8(C104)2.12 Thus we have the second example 
of a six-coordinate Cu(1I) complex which has no ab- 
sorption peaks in the visible region. 

Infrared data are summarized in Table 11. The 
PNP stretch has been assigned to the peak at 886 
cm-'. This assignment was arrived a t  by comparing 
the spectrum of hexamethylphosphoramide with 
octamethylpyrophosphoramide and nonamethylimido- 
diphosphoramide. The only difference in the spec- 
tra of these three compounds is the appearance of a 
peak for OhlPA and NIPA at 885 and 915 cm-l, re- 
spectively. Since the only difference in this series is 
the PNP and POP bridge, the peak at 885 cm-' is as- 
signed to the PNP stretching frequency. The peak a t  
916 cm-l for OMPA was previously assigned to  the 

(11) J. A.  Walmsley and S. Y .  Tyree, ibid., 2, 312 (1963). 
(12) 11. 11. Joesten and J. F. Forbes, J .  A m .  Chem. Soc., 38, 5465 (1966). 
(13) 11. hl. L. Goodgame and F. A.  Cottun, J .  Cheiiz. Soc., 2288 (loel). 
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Figure 1.-Spectrum of Cu(NIPA)2(ClO& in nitromethane 
with varying amounts of excess ligand: (1) Cu(NIPA)2(C104)2; 
(2) Cu(NIPA)2(C104)2 4- slight excess of NIPA; (3) Cu(N1PA)z- 
(C104)~ + large excess of NIPA. 

POP stretching frequency.I4 Both the PNP and PNC 
stretching frequencies for complexes of NIPA are shifted 
to higher frequencies (Table 11). The effect of co- 
ordination on the P=O stretching frequency is not 
easily interpreted. The peak assigned to the P=O 
stretch for the ligand is rather broad. In  the complex 
this peak seems to be split into a sharp strong peak a t  
-1200 cm-1 and a sharp medium-intensity peak a t  
-1170 cm-'. Walmsley and Tyree" reported split- 
ting of the P=O stretching vibrations in some bidentate 
P=O ligands when more than one type of ligand was 
present in the inner coordination sphere. Cotton, 
Barnes, and Bannister15 attributed P=O splitting or 

(14) C. J. Popp and M. D. Joesten, Inorg. Chem., 4, 1418 (1965). 

broadening to coupling between two P=O vibrations 
via the metal atom to which both are coordinated or to 
the existence of nonequivalent ligands in the crystal. 
Splitting was not usually present in perchlorate com- 
plexes. However, in ( ( C ~ H , ) ~ P O ) ~ ~ O ( C ~ O &  a sharp 
medium-intensity peak was observed a t  1203 cm-l and 
a strong peak a t  1160 cm-'. The peak a t  1160 cm-I 
was assigned to the P=O stretching vibration. No 
assignment was given for the peak a t  1208 cm-l. 

The shifts in the PNP and PNC stretching fre- 
quencies may be explained similarly to those for the 
POP and PN stretching frequencies in OMPA.14 The 
bond between the oxygen and the metal ion tends to 
withdraw electron density from the P=O bond and thus 
decrease the double-bond character. This results in a 
decrease in the P=O stretching frequency. Since elec- 
tron density is drained from the P=O bond, there is a 
tendency for the lone pair on each of the nitrogen atoms 
to be delocalized into the available dn orbitals of the 
phosphorus. The bond order between phosphorus and 
nitrogen would be expected to increase and this would 
cause an increase in the PNP and PNC stretching fre- 
quencies. 

Chelation seems to be the important factor in stabil- 
izing the complexes since stable complexes are formed in 
spite of the low positions of NIPA in the spectrochem- 
ical and nephelauxetic series. The substitution of 
the more electropositive N-methyl group for the bridge 
oxygen of OMPA has little influence on the stability of 
the complexes. 

Acknowledgment.-Portions of this work were sup- 
ported by USPHS Grant No. GM-15451-01. 

(15) F. A. Cotton, R. A. Barnes, and E. Bannister, J. Chem. Soc., 2199 
(1960). 
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Effects of pH and Zinc Complex Formation on Phosphorus-Hydrogen Coupling 
Constants and Proton Chemical Shifts in Hypophosphorous and Phosphorous Acids 
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The variation of JPH with hydrogen ion concentration for solutions containing phosphite and hypophosphite species is shown 
to arise from rapid proton exchange among the various species present. Complex formation with zinc is shown to lead to  
similar increases in JPH. The data are analyzed to give formation constants for mono- and bis(hypophosphito)zinc complexes. 

Introduction tion of the 31P chemical shift and JPH with degree of 
Two recent papers deal with variation with pH of neutralization Of the acids in aqueous solution. 

phosphorus-hydrogen coupling constants and 31p Sheldrick3 studied the variation of JPH in strongly 
chemical shifts in phosphorous and hypophosphorous acidic ~edia-sulfuric acid from 12 to 98%. 
acid (among others). Moedritzer2 studied the varia- The present paper is concerned with the origins of the 

variations in JPH in terms of the chemical species in- 
(1) NDEA Title IV Fellow. 
(2) K. Moedritzer, Itzovg. Chem., 6, 936 (19671. (3) G. M. Sheldrick, Trans. Faraday Soc., 63, 1077 (1967). 


