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fit was obtained using the rate expression R = k[Re-
Cl*~][H*]. Using this equation all of the data gave a
value of & = (0.659 =+ (0.221) X 107 M~ sec™!, having
a range of (0.413-1.188) X 1073 M ! sec™L.

Rate laws using the activities of the various species
present!3—17 did not provide a better fit to the data than
the use of concentrations.

In view of the lack of a quantitative fit to a single
rate law, no positive conclusions can be reached concern-
ing the mechanism of reaction.

(13) G. Akerlsf and J. W. Teare, J. Am. Chem. Soc., 59, 1855 (1937).

(14) H. S. Harned and B. B. Owen, ‘“The Physical Chemistry of Electro-
lytic Solutions,” Reinhold Publishing Corp., New York, N. Y., 1958,
? ??;) G. Akerlsf and H. C. Thomas, J. Am. Chem, Soc., 56, 593 (1934).

(16) R. H. Stokes and R. A. Robinson, 7bid., T0, 1870 (1948). Values of

constants for HCI at 90° from H. M. Feder, tbid., 70, 3525 (1948).
(17) L. Zucker and L. P, Hammett, ¢bid., 61, 2791 (1939).
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Previous studies? % dealing with metal ion—amino acid
interaction with Cu?" ion are extended in this work to
include interaction with Ni** ioun. The effects of
changes of temperature and ligand have been investi-
gated in this study of the nickel(IT)—glycine, —alanine,
and —phenylalanine systems at 10, 25, and 40°. Values
for constants for the association of Ni?* ion with the
anions of glycine®—* and alanine’ appear in the literature
but no data for the nickel(IT) phenylalanine system are
available. Apparently no previous calorimetric stud-
ies of enthalpy changes associated with the formation
of nickel complexes of these three amino acids have
been made.

Experimental Section

Materials.—Solutions of NaOH and HCIO, were prepared
from reagent grade chemicals obtained from the J. T. Baker
Chemical Co. and standardized using recognized analytical pro-
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(1856).

(7) C.B. Monk, Trans. Faraday Soc.. 47, 297 (1951).

(8) A. Albert, Biochem. J., 47, 531 (1950).

(9) H. Flood and V. Loras, Tidsskr. Kjemi, Bergvesen. Met., B, 83 (1945).

Inorganic Chemistry

cedures. Stock nickel(II) perchlorate solutions were prepared
by dissolving reagent grade nickel perchlorate (The G. Frederick
Smith Chemical Co.) in distilled water and determining the
metal formality by dimethylglyoxime gravimetric analysis.
Stock ligand solutions were prepared by dissolving weighed quan-
tities of glycine (Matheson Coleman and Bell) and alanine and
phenylalanine (East Organic Chemicals) in water without fur-
ther purification. Titration of the carboxyl group of the amino
acid in the presence of HCOOHY shows these reagents to be 99.7,
99.9, and 99.29%, pure, respectively. Buffer solutions were pre-
pared both as discussed by Bates!! and from packaged powders
formulated according to National Bureau of Standards specifica-
tions by Beckman Instruments, Inc, The measured pH values
of buffer solutions prepared to maintain a given pH value by the
two methods were identical within £0.002 pH unit.

Apparatus—The submarine isothermal calorimeter operating
in a well-stirred, constant-temperature water bath controlled to
-£0.005° at 10, 25, and 40° has been described.? Temperature
differences of 0.0002° were detectable using a Wheatstone bridge
assembly, power supply, and timing device described pre-
viously.%3 A 200-ml round-bottom flask, modified with five
0.75-in. diameter necks spaced about the main neck, served as the
container for metal-ligand solutions during titrations for the
determination of stepwise constants for the association of metal
ion with ligand anion. This container was immersed in a 10-1.
water bath whose temperature was controlled to 2-0.02°, Hydro-
gen ion activity values were determined by means of a Beckman
Model 76 expanded-scale pH meter for calorimetric runs and by
means of a Leeds and Northrup 7664-A1 pH meter whose output
was expanded on a Leeds and Northrup Spcedomax H 177181
recorder for titration studies.

Association Constants.—Titrations to determine values for the
thermodynamic equilibrium constants, XK; and K, for the re-
actions represented by eq 1 and 2, respectively, were carried out
under a nitrogen atmosphere.?

M2+ + L= =—>= ML+ 1
ML* + L= —= ML, @)

M2+ represents the metal ion, L~ represents the anion of the
appropriate amino acid, and ML* and ML, represent the species
resulting from the stepwise association of ligand and metal ions.
The calculation methods of Block and Mclntyre!? were used.
Activity coefficient values for singly and doubly charged iouns,
1 and vs, were calculated by means of equations derived from
the data of Crouthamel and Martin!® and Harned and Owen'!
as previously described.®»?® Values of y1 and +v: calculated by
this method agree well with those of Kielland.® Values for the
thermodynamic equilibrium coustants, Kp, and Kp,, for the re-
actions represented by eq 3 and 4, respectively, are those reported
from this laboratory.??

H,L+ —=H+ + HL (3)
HL —=H*t +L- 4)

Calorimetric Determinations.—Two types of calorimetric
runs, type y and type z, were performed to measure enthalpy
values. These runs measured the heats evolved when alkaline
solutions of a ligand were mixed with solutions of nickel(II) ions.
The formality ratios of ligand to metal ion in the final mixed solu-
tions were 2:1 for y runs and 1:1 for z runs.

An equation representing the concentration of the species
ML™*, as a function of Kp,, Ki,, K1, Ko, 71, v2, and the hydrogen
ion activity, and an equation for the heat measured during a
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calorimetric run, Qum, as a function of the heat produced by the
association of the appropriate ions to produce the species HL,
H.L+, ML+, ML,, and H,O have been given.?? In theory, any
pair of equations for QO for a y and a z run at a given temperature
could be solved for values of AH,° and AH,°, the stepwise enthal-
pies of formation of ML+ and ML; from their ions (eq 1 and 2).
In practice, more complex methods of data treatment were neces-
sary to minimize uncertainties in the measured enthalpy values.

For the nickel(II)-glycine and —alanine systems at a given
temperature, every z run was matched in turn with each y run
and the results averaged to produce a ‘‘best’” AH;° value for that
z run. The AH,° values obtained in this manner were averaged
and this average value substituted in turn into the equation for
QOm for each z run to produce a set of AH;° values from which an
average was calculated.
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tained in this manner was then substituted into the equation for
Qum for each y and each z run to obtain a value for AH,°.

Several calorimetric determinations were made to measure
thermal effects accompanying dilution of the reactant solutions.
In no case were thermal effects detectable. It was therefore as-
sumed that measured enthalpy changes were standard enthalpy
changes.

Results
Values of pKp,, pKp, log Ki, log K,, AH,°, AH,°,
AS:°, and AS;° for the nickel(1T)~glycine, —alanine and
—phenylalanine systems at 10, 25, and 40° are given in
Table I. Only those values for pKp, and pKp, re-
ported previously from this laboratory®? are listed.

TABLE [

pK anND LoG K VALUES FOR IONIZATION AND COMPLEX FORMATION, RESPECTIVELY.
AH°, AH,°, AS:°, AND AS;° FOR COMPLEX FORMATION AT y = 0F

Temp, AH,°, AH,°, AS1°, ASe°,
°oC pKp, pKD, Log K1 Log K- kcal/mole kcal/mole eu eu
Glycin Nickel (I1)~glycin
10 2.41 10.20 6.36 5.29 —5.2=+0.1 —-5.8+0.1 10.7 3.7
20 6.1¢ 4.9¢
5.77° T 4,800
25 2.39 9.77 6.18 5.07 —4.9+0.1 —4.7+0.2 11.9 7.6
6.18¢ 4.96°
6.124 5.034
5.86¢ 4.78¢
5.97/ 4.957
30 5.88/ 4.867
40 2.33 9.46 6.09 4.92 —4.3+0.2 —4.7+£0.3" 14.2 7.4
5.72f 4.70f
259 —3.6=%x1.0 —-5.1+0.8 16.1 6.1
Alanin Nickel(II)-alanin
10 2.60 10.29 5.93 4 .87 —3.4+0.2 —4.6+0.2 15.1 5.9
25 2.63 9.89 5.81 4,73 —3.3+0.2 —3.9+0.3 15.5 8.7
5.96¢ 4.70°
40 2.65 9.51 5.69 4.50 —3.6 =£0.2 —2.6 0.2 15.4 11.4
259 —3.2 ~5.1 15.9 4.7
~————Phenylalanine—-—— Nickel(I1I)-phenylalanin
10 2.14 9.75 5.61 4.95 —3.4£0.3 -3.6x1.0 13.8 10.0
25 2.20 9.31 5.56 4.66 —-3.2+0.2 —-3.3£0.4 14.8 10.3
40 2.21 8.96 5.562 4.39 —2.6£0.3 —2.9+0.8 17.0 10.7
25¢ —-1.2 -7.6 21.6 —4.4
¢ See ref. 8. *Seeref 9. ¢Seeref 7. ¢L. E. Maley and D. P. Mellor, Australian J. Sci. Res., A2, 579 (1949). ¢F. Basolo and

Y. T. Chen, J. Am. Chem. Soc., 76, 953 (1954). ' See ref 6.

¢ These values were obtained from log X vs. 1/7 plots.

» Experimental

data for the calorimetric runs have been deposited as Document No. 9273 with the ADI Auxiliary Publications Project, Photo-
duplication Service, Library of Congress, Washington 25, D. C. A copy may be secured by citing the document number and by

remitting $1.25 for photoprints, or $1.25 for 35-mm microfilm.
able to: Chief, Photoduplication Service, Library of Congress.

The treatment of data obtained for the nickel-phenylalanine
system was more involved and the results more uncertain than
for the other two systems. It was necessary to use experimental
conditions which produced final solutions for y and z runs differ-
ing little in their concentration ratios of ML; and ML* hecause
of the formation of insoluble substarnces at high pH values when
Ni?* and phenylalanine solutions were mixed. Relatively small
concentrations of ML. as compared to those of ML* were present
in all of these mixed solutions. An analysis of the results of
nickel-glycine and nickel-alanine experiments indicated that
it would be extremely unlikely for the value of AH,° for nickel-
phenylalanine to be outside the limits of two-thirds to three-
halves the value of AH;°. The small value of the ML,/ML*
ratio in this system permitted the calculation of AH:° with reason-
able certainty by the imposition of these limits on AH,° as a func-
tion of AH1° in the equations for Qm. The value for AH:° ob-

Advance payment is required. Make checks or money orders pay-

Comparison data from the literature for log K; and log
K, are given.

Discussion

The data presented in Table I are in good agreement
with previous results in the few instances where these
are available. The AH® and AS® values calculated
for 25° from log K ws. 1/T plots are included because
many of the thermodynamic data appearing in the liter-
ature for similar systems have been arrived at by means
of this temperature coefficient method. For these
values to have any real meaning measurements would
have to be made at more than three points. Even
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then the basic assumption of invariance of AH with
temperature is false and only an approximate value
for the midpoint of the temperature range could be ob-
tained.

The decrease in the magnitude of AH,° with increas-
ing complexity of a-amino acid in the formation of metal
complexes is much more pronounced for nickel than for
copper.?® Seven of the nine AH,° values determined
were more negative than were the corresponding AH,°
values, probably indicating differences in solvation of
the NiL* ions. It is noteworthy that the values of
AS® for Cu?t and Ni?t complexes and of AS,° for
Cu** complexes were more positive for alanine com-
plexes than for either glycine or phenylalanine com-
plexes, while the value of AS,® for Ni** complexes in-
creased from glycine to alanine to phenylalanine.

As one might expect, the formation constants for
ML+ decrease with increasing ligand complexity. This
trend is not so pronounced for the formation of NiL,
complexes.
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It has been well established that the chloramination
of tertiary phosphines in the presence of ammonia yields
aminophosphonium chlorides.!=* Several tertiary phos-
phines, including some dialkylaminophosphines,?—*
were chloraminated in our laboratory and invariably
analogous results were obtained. It was of interest to
know whether dimethylchloramine also behaves to-
ward the dimethylaminophosphines in an analogous way
giving phosphonium salts according to the equations

(CH;),NP(CHjs)s + (CH;):NCl—> [ {(CHy ). N | .P(CH;),]C1 (1)

[(CH3):N]1P(CHy) + (CH;):NCl~—>
[{(CHy )N }sP(CHy)[CL (2)

If so, it was thought that the proton magnetic reso-
nance spectra of the reaction products of eq 1 and 2
might provide a further proof of the chloramination
occurring on the phosphorus atom as has been ob-
served in the earlier studies.?—*

The results of the present investigation show that
except in the case of tris(dimethylamino)phosphine,
the reactions of dimethylchloramine with dimethyl-
aminophosphines yield the expected phosphonium salts,

(1) H. H. Sisler, A. Sarkis, H. 8. Ahuja, R. S. Drago, and N, L. Smith,
J. Am. Chem. Soc., 81, 2082 (1959).

(2) W. A. Hart and H. H. Sisler, Inorg. Chem., 8, 617 (1964),

(3) D.F. Clemens and H. H. Sisler, ibid., 4, 1222 (1865).

(4} S. R. Jain, W. S. Brey, Jr., and H. H. Sisler, 7bid., 6, 515 (1967).
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the chloramination occurring on the phosphorus atom
of the aminophosphines. The analogous reactions of
tris(dimethylamino)phosphine with ammonia plus
chloramine and with ammonia-free chloramine were
carried out. A different result was obtained for the
reaction of tris(dimethylamino)phosphine with di-
methylchloramine, and a mechanism for this reaction
has been suggested.

Experimental Section

All operations were conducted in a moisture-free nitrogen
atmosphere.

Materials —Solvents were dried over calcium hydride. Di-
methylamine used in the preparation of aminophosphines was
obtained from the Matheson Co. Phosphorus trichloride, ob-
tained from J. T. Baker Co., was redistilled before use. The
aminophosphines®® and dimethylchloramine” were synthesized by
previously reported procedures.

Analyses.—Elemental analyses were carried out by the Gal-
braith Microanalytical Laboratories. Melting points wete ob-
tained with a Thomas-Hoover capillary melting point apparatus.

Infrared Spectra.—Infrared spectra were recorded with a Beck-
man Model IR-10 grating infrared spectrophotometer. The
spectra of solids were taken in the form of Kel-F mulls for the
range 2.5-7.5 p and as Nujol mulls for the range 7.5-20 g using
KBr plates. A summary of spectral bands is presented in Table
1.

TABLE I
INFRARED DaTa (cMm™1)
[{(CHy)N{;PCH;]Cl
2940-2800 b, s, 2620 w, 2425 w, 2240 w, 1600 w, 1450 s, 1420 m,
1327 s, 1315 s, 1280 sh, 1185 s, 1165 sh, 1155 sh, 1115 w, 1080
sh, 1060 s, 990 b, vs, 922 m, 810 vs, 735 vs, 615 w, 450 m

[{(CH;):N }sP(CH, )] Cl
2925 s, 2800 s, 2800 s, 2310 vw, 1440 s, 1420 m, 1410 m, 1320 m,
13055, 1288 m, 1178 s, 1110 vw, 1068 s, 995 b, vs, 970 m, 952 m,
8985, 775m, 770, 720 m

[{(CH;).N}sPNH,]Cl
3175-2800 b, vs, 2550 b, w, 2320 b, vw, 1565 s, 1540 sh, 1480 sh,
1450 vs, 1410 sh, 1300 vs, 1176 vs, 1166 sh, 1114 w, 1066 vs,
993 m, 758 s, 745 s, 626 m, 470 m

[{(CHs):N | ;PNH;]PFq
3470 s, 3300 s, 3045 m, 3025 m, 2995 m, 2940 w, 2820 w, 1575 w,
1530 w, 1478 s, 1460 w, 1425 m, 13125, 1176 s, 1076 s, 1000 vs,
937 m, 833 b, s, 758 s, 741 s, 625 w, 557 vs, 465 b, w

[{(CHy)%N }sPNH:] B(CeHs)s
3450 vs, 3360 vs, 3000 sh, 2945 sh, 2920 s, 2865 m, 2830 m, 1565
vs, 1485 s, 1460 b, s, 1418 w, 1302 s, 1266 w, 1167 s, 1147 m,
1144 sh, 1064 m, 1027 m, 1000 vs, 951 m, 858 w, 846 m, 758 m,
743 vs, 735 vs, 717 m, 708 vs, 625 w, 615 m, 605 s
e g, strong; m, medium; w, weak; sh, shoulder; b, broad.

Nuclear Magnetic Resonance Spectra.—Nuclear magnetic
resonance spectra for protons were recorded with a Varian Associ-
ates A-60A spectrometer at 60 Mcps. The spectra were run in
CDCl; solutions with tetramethylsilane as external standard.
8P chemical shifts were determined with respect to H;POy (859)
as external standard using a Varian Model V-4300-2 high-resolu-
tion spectrometer at 19.3 Mcps in chloroform solution. A sum-
mary of the nmr data is given in Table IT.
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