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in methyl chloride is 66 kcal.,* about 50 kcal. will
be required to form the two free radicals from ¢
butyl chloride. There can be very little reduc-
tion of this value by effects such as solvation.
Assuming as before that every sufficiently ener-
getic collision results in the formation of a free
radical (nosteric factor in the kinetic equation) and
that the radical so formed instantaneously reacts
with toluene to form the product without energy
requirements, using a collision factor of 1 X 103,
and equation (24), the rate is calculated to be
K =1 X 1072 mole per mole per second. Com-
pared to the determined rate of 1 X 10~* mole per
mole per second, this rate is prohibitively slow.

It might be assumed that the reaction proceeds
through a chain mechanism. Chain lengths in
solution are usually less than 1000. One case of
50,000 is reported.?® Assuming then even a chain
length of 100,000, the rate of our reaction on a free
radical mechanism is 1 X 10~!® mole per mole
per second, a factor of 10!3 slower than the experi-
mental.

In reactions in a medium such as toluene it is
generally recognized that the maximum possible
concentration of a reaction intermediate, such as
a carbonium ion or a simple alkyl free radical,
must necessarily be very small. In many hypo-
thetical mechanisms employing these intermedi-
ates the attempt is made to overcome this diffi-
culty by assuming that they have only transitory
existence. The above calculations show that
this assumption cannot overcome the difficulty,

(27) L. Pauling, " Nauature of the Chemical Bond," Cornell Uni-
versity Press, Ithaca, N. Y., 1939, p. 49,

(28) K. A. Moelwyn-Hughes, " Kinetics of Reactions in Solution,*
Oxford University Press, London, 1434, p. 262.
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as they give the maximum possible rate at which
the intermediates can be formed and assume that
this rate is the rate of the total reaction, that is,
that the intermediate reacts instantaneously and
completely as soon as formed to produce the final
products.

Summary

A more refined apparatus has been made for
and more precise measurements have been made
of the reaction of {-butyl chloride and toluene as
catalyzed by hydrogen fluoride.

The effect of four promoters, water, methanol,
diethyl ether and hexamethylacetone, has been
studied. It was found that the rate of the reac-
tion increased with the increasing concentration
of the promoter, but that all promoters gave
essentially the same effect at the same molar con-
centration.

It was found necessary to modify the equations
used by Sprauer and Simons to correlate the rate
measureinents in any one experiment, but their
equations and theory are essentially confirmed.

The amphoteric medium effect as it contributes
to the mechanism of the reaction is substantiated
by these measurements and by the effects of the
promoters. It is also shown to be reasonable on
the basis of other investigations.

A one-step, condensed phase, catalyzed, and
promoted reaction as the essential factor in the
mechanism is shown to be satisfactory from ki-
netic considerations and reasonable from energy
considerations. Mechanisms utilizing ions or free
radicals as intermediates are shown to be unten-
able from energy considerations.
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The X-Ray Investigation of Copper 4/-o-Aminobutyrate
By A. J. Stosick

As part of the program of investigation of
amino acids and proteins undertaken in these
Laboratories, it has been of interest to find an
improved method of determining the detailed
atomic configurations of amino acids by X-rays.
At the suggestion of Professor Pauling, crystalline
nickel and copper salts of several of the amino
acids were prepared, with the hope that the heavy
metal atoms in the crystals would in most cases
determine the phases of the structure factors.
This would enable the investigation to reach the
stage of Fourier projections more quickly than for
crystals of the amino acids themselves, since the
coordintates of the heavy metal atoms very likely
would be determined easily. In two cases, those
of copper dl-a-aminobutyrate, to be reported in
this paper, and of nickel glycine dihydrate. to be

reported in a subsequent paper, these expecta-
tions were realized. The proposed method of
attack however has its own inherent disadvantage.
Final adjustment of parameters utilizing a com-
parison between calculated and estimated values
for the F's is necessarily more difficult because of
the preponderant contribution of the heavy atoms
to the F's of all but special classes of reflections.

Since the work on copper di-a-aminobutyrate,
begun in 1939, cannot be continued at present, the
results which have been obtained are presented
here. The x and z parameters of all atoms have
been determined, and little doubt remains as to
the nature of the bonds in the molecules or the
packing of the molecules in the crystal.

Crystals of copper di-a-aminobutyrate were
prepared by placing an excess of cupric oxide or
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cupric carbonate in a warm aqueous solution of
dl-a-aminobutyric acid, removing the excess solid
by filtration, and allowing the somewhat elon-
gated dark blue plate-like crystals to form either by
slow evaporation or by slow cooling. The direc-
tion of elongation of the crystals corresponds to
the crystallographic b axis of the monoclinic unit
cell.

Single crystal diffraction patterns were ob-
tained by the Laue, rotation, oscillation, and
equi-inclination Weissenberg methods. For the
rotation and oscillation photographs about the
b and ¢ axes copper K radiation filtered by nickel
foil was used, while unfiltered copper K radiation
was used for the equi-inclination Weissenberg
photographs of the reciprocal lattice layers A0/,
k11, k2] and A3l

The following monoclinic unit cell was found to
satisfy the observed reflections

a =11.09 = 0.02 A. g’ = 87°51’
b= 506= .014A. Cly — P2
c = 9.45= .024, Z=2

These dimensions were obtained (with use of the
wave length value ACuKa = 1.339 A.) from the
layer line spacings and from the positions of
equatorial reflections on a rotation photograph
for which the b axis of the crystal was the rotation
axis. The measured density of 1.70 = 0.02 cor-
responds to 2.01 molecules of copper dl-a-amino-
butyrate per unit cell. The missing reflections
suggest as the probable space group C3,—PZ, and,
assuming this space group to be the correct one,
the copper atoms must be placed in one of the sets
of twofold centrosymmetric special positions.
The pair chosen was 004 and 040.

The intensities of more than one hundred A0}
reflections were estimated visually from Weissen-
berg photographs for which packs of five films
were used.! The exposures of photographs taken
in this way vary in a geometrical progression; the
intensity ratio of successive films was determined
previously by other means. No corrections were
made on the estimated intensities for either ab-
sorption or extinction. Although the crystal was
quite small (0.10 mm. X 0.20 mm. X 0.38 mm,)
and was rotated about its longest dimension, ab-
sorption corrections for the other dimensions
would be appreciable; approximate calculations

- indicate that CuKe is absorbed to the extent of
26% by 0.10 mm., and to the extent of 469, by
0.20 mm. of the crystal. From the estimated in-
tensities the estimated values of Fiy and | Fy| were
calculated by correcting for the Lorentz and polari-
zation factors.

The projected Patterson function, $(x,2), was
calculated with use of Beevers—Lipson strips with
a tabular interval of !/g cycle; the results of this
calculation appear in Fig. 1. One unit cell is
shown; for greater clarity only one of the two

(1) J. J. De Langc, J. M. Robertson and J. Woodward, Proc. Roy.
Sor. (Londou), 4171, 398 (1939).
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Fig. 1.—Patterson projection p(x,z) showing one of the
two 1nolecules in the unit cell.

molecules in the unit cell is shown, only zero and
positive contours are drawn, and only a few con-
tours are drawn around metal atom positions.
Because of the presence of the heavy metal atom
the only significant peaks correspond to projected
interatomic distance vectors with a metal atom
at one end of the vector, and hence the Patterson
projection has much of the appearance of the
corresponding Fourier projection.

Using the parameters found from p(x,2) the
signs of the A0l structure factors were calculated,
and- the Fourier projection p(x,z) (Fig. 2) was
made. Only zero and positive contours are
shown in the drawing, which embraces one unit
cell, and for clarity numerous contours around the
positions of the copper atoms have been deleted.
The k0l structure factors were recalculated for the
parameters obtained from p(x,z), and from a com-
parison of Fest. and Feareq, 2 scale factor and a
temperature factor were determined. In Table

I are tabulated the values of |Fes.| on the re-

vised scale and Flacd. including the temperature

_l/’
0

l/2

|

Fig. 2.—Fourier projection p(x.z).
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TaBLE 1
COMPARISON OF OBSERVED AND CALCULATED F VALUES FOR COPPER dl-a-AMINOBUTYRATE
K01 [Fest.) Flaled, 0L Fest) Fegled, ot |Fost.| Feuled.
002 14.1 12.9 408 18.5 17.8 804 28.8 32.9
004 <1.9 0.5 4.0.10 13.1 15.6 806 3.2 -0.1
006 31.8 28.4 402 <1.9 6.3 808 8.6 8.1
008 20.8 19.0 404 43.5 46.0 803 29.4 28.1
0.0.10 6.4 9.4 408 51.8 48.0 804 27.2 24 .4
100 80.6 1144 408 <2.9 0.9 806 <2.9 3.4
102 53.5 544 1.0.10 2.8 8.4 808 11.4 13.6
104 33.3 40.0 500 40.0 38.4 900 13.1 12.6
106 448 40.2 502 39.6 44.1 902 15.0 15.5
108 10.2 4.5 504 <2.2 -1.5 904 23.4 28.0
1.0.10 3.2 0.9 506 26.0 7.7 906 <2.9 7.1
102 20.2 —10.6 08 22.7 18.4 908 6.1 9.8
104 29.8 32.2 50,10 9.3 13.0 902 22.4 23.8
106 23.7 7.8 502 8.0 14.0 904 19.5 19.4
108 24.6 17.5 504 40.9 38.0 906 <2.9 1.3
1.0.10 11.2 9.8 506 41.6¢ 31.1 908 6.1 8.1
200 29.1 38.7 508 <2.9 1.8 10.0.0 17.0 17.2
202 ar.T 36,2 5.0.10 12.2 14.0 10.0.2 29.2 20.0
204 33.9 40.6 60O 44.8 42.2 10.0.4 10.9 13.4
206 46.7 46.2 602 278 31.0 10.0.6 <2.6 2.6
208 7.7 11.3 604 4.5 —4.6 10.0.8 2.6 8.5
2.0.10 <2.9 1.8 606 23.1 28.5 10.0.2 5.1 5.9
202 53.4 58.4 608 25.3 22.3 10.0.3 10.6 9.4
204 32.0 42.6 $.0.10 <2.2 1.2 10.0.8 9.0 9.7
206 9.6 3.2 602 13.5 17.0 11.0.0 <2.9 0.8
208 21.8 12.4 604 37.1 33.0 11.0.2 23.7 23.7
2.0.10 218 21.6 608 25.9 19.7 11.0.4 12.5 14.0
300 15.1 19.0 608 10.9 12.9 11.0.6 8.3 11.3
302 76 8 75 6.0.10 7.4 7T 11.0.2 4.2 4.3
304 35.2 37.2 700 33.0 34.5 11.0.4% 12.5 13.2
306 32.0 28.6 JT02 28.2 26.0 11.0.6 8.0 12.8
308 13.4 13.5 704 4.9 9. 12.0.0 <2.6 £.7
3.0.10 7.4 10.3 706 6.4 9.9 12.0.2 8.0 9.1
302 16.G 217 708 21.4 23.8 12.0.4 <2.2 3.6
304 25.0 23.6 7.0.10 <1.9 4.7 1208 8.6 12.9
306 33.6 27.0 702 30.4 31.8 1.20.2 4.1 18.5
308 7.6 19.4 704 35.8 31.9 1300 +.2 5.6
3.0.10 17.6 18.0 7086 <2.9 1.2 13,00 3.2 5.7
400 9.9 2.1 708 13.1 2.8 1D 6.1 8.5
402 56 6 A 70,10 5.4 5.2 T 5.1 7.7
404 25 3 244 S0 6.6 4.9 13.0.2 9 () 13.0
406 TR 28 7 S02 28.2 261 1ot <1.4 2.5
TABLE 11 respect to the basal plane bv a rotation of 2&°
Ca O O N & Ce Cs Cs about the N-Cu~N line and by a rotation of 39°
x O 0,043 0.166 0.124 0.126 0,200 0.216 0.400 about t_he ()‘“CI.I“'() 111’1(‘
z tiy h.327 0,141 10,424 0.25! (.31 0 374 0. 400

factor exp.(—2.9 sin®/A%*). The x and 5 purame-
ters obtained from p(x,s) are presented in Table I1.

Discussion of the Structure.---An interesting
feature of the structure is the coérdination of
the amino nitrogen and tlie carboxyl oxygen
atomis around the copper atoms. This co-
ordination is presumably square, and is ncces-
sarily coplanar, since the copper atoms are at
centers of symmetry. Assuming the Cu-N und
Cu~0O bonds to have the ¢ovalent values of 2.02
A. and 1.98 A., respectively, a calculation indi-
cates that the codrdination plane is tipped with

In Figure 2 broken lines have been drawn to-
indicate hydrogen bonds which presumably exist
between amino nitrogen atoms and carboxyl oxy-
gen atoms. These hydrogen bonds hold the crys-
tal together in the v and z directions, whereas only
van der Waals forces are operative in the x direc-
tionn.  The crystals available were too small to
permit reliable observation as to whetlier or not
the crystals show marked cleavage parallel to the
(100) planes. but it was observed that slight pres-
surc reduces a crystul to a mass of thin flakes.

Acknowledgment.—To author wishes to uc-
koowledge his mdebtedness to Professor Linns
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Summary

The unit cell, the probable space group, and the
x and z atomic parameters for the monoclinic
crystals of copper di-a-aminobutyrate have been
determined by X-ray diffraction methods. The
Patterson projection p(x,z) has the appearance
of the Fourier projection p(x,2), because of the
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presence of the heavy copper atoms in the special
centrosymmetric positions of the probable space
group Cgh—P?. Although the y parameters have
not been determined the existence has been
shown of coplanar codrdination of carboxyl oxygen
atoms and amino nitrogen atoms around the cop-
per atoms, and the presence of oxygen-to-nitrogen
hydrogen bonds in the x and z plane is evident.

PAsADENA, CALIFORNIA  RECEIVED SEPTEMBER 13, 1944
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The Crystal Structure of Nickel Glycine Dihydrate
By A. J. Stosick

Introduction.—As a part of the program of
protein and amino acid research undertaken in
these laboratories, the crystal structure of the
dihydrated nickel salt of glycine has been de-
termiited by X-ray methods. The investigation,
which was begun in the fall of 1939, was substan-
tially completed by the spring of 1941, when the
assumption of other duties by the author caused
the work to be discontinued. It is the purpose
of this paper to present the results of the inves-
tigation, since there is little likelihood that the
investigation will be resumed in order to refine
the parameters.

The purpose of investigating nickel glycine
dihydrate was twofold: first, to make a compari-
son of the structure of the glycine residue in the
salt with that for glycine itself as determined by
Albrecht and Corey!; and second, to determine
whether the presence of the metal atom facilitates
the structure determination. The use of a metal
as an aid in determining the structure of complex
organic substances has been discussed previ-
ously.2?

The crystals used in this investigation were
prepared by placing an excess of nickel carbonate
in a warm aqueous solution of glycine. The solu-
tion was then filtered and the solvent was allowed
to evaporate slowly. The crystals have previ-
ously been reported by Bruni.* Accurate optical
goniometry was not possible with the crystals al-
though superficially their faces were well defined.
After a preliminary coarse optical orientation the
final adjustment of the crystal orientation was
made by means of preliminary X-ray photographs.
The faces appearing on the crystals appear to be
those for the planes {100}, {100}, {011}, {011},
{011}, and {011}, but this identification has not
been confirmed.

(1) G. Albrecht and R. B. Corey, THis JoUrNAL, 61, 1087 (1939).

(2) J. M. Robertson., J. Chem. Soc., 615 (1935): 1195 (1936);
). M. Robertson and I. Woodward, ibid., 219 (1937).

(3) A.J. Stosick, THIS JOURNAL, 67, 362 (1945).

(4) Bruni, Aui della Reale Accademia dei Linced, [5] 18, 11, 27;
<f Beilstein atsa

The Unit Cell and Space Group.—A cursory
optical examination showed that the crystals
are anisotropic, and suggested that they exhibit
monoclinic symmetry. Examination of Laue,
rotation and equi-inclination Weissenberg photo-
graphs of the crystals led to the following mono-
clinic unit cell and probable space group

¢ =760 =0.02A4, 3’ = 63°25'
b =6.60 = .02A4A. Z =2
c =9.63= 024 W — P2

The length of the b axis was calculated from the
spacings of layer lines on a b axis rotation photo-
graph. The lengths of the a and ¢ axes were de-
termined from the spacings of equatorial reflec-
tions on the same photograph. The acute mono-
clinic angle 8’ was also determined from equa-
torial reflections on this same photograph; four
different sets of reflections gave values differing
by a maximum of only 0°8’. The density of the
crystals, measured by the flotation method, was
found to be 1.86 g./cc. This density corresponds
to 1.99 molecules of the formula Ni(NH,CH,-
C0,)22H;0 in each unit cell, and if the indicated
space group is correct the metal atoms must be
located at centers of symmetry.

The space group assigned to the crystals C3,—P2,

is consistent with the many absences noted on
Weissenberg photographs of the reciprocal lattice
layers k0l h1l, h2l, hRO and Qkl. No reflections
were observed which required any other space
group for the crystals.

The Structure Determination.—The intensi-
ties of the 20/, Okl and hkQ reflections were visu-
ally estimated from Weissenberg photographs
taken with unfiltered copper K radiation. In
addition Weissenberg photographs of the k0!
reflections were taken using filtered molybdenum
K radiation.

No corrections were made for absorption or ex-
tinction; the shape of the crystals (slightly elon-
gated rhomhohedra with & normal to the direction



