528 A NEUTRON-DIFFRACTION OF POTASSIUM HYDROGEN BIS-PHENYLACETATE

to detect for certain such a small anisotropy as this.
We conclude, therefore, that there is no conclusive
evidence in favour of either a single- or two-position
model and that with the large thermal vibrations any
such distinction becomes rather meaningless. It would
be of the greatest interest to re-examine this substance
at a low temperature in order to determine whether
the apparent isotropy of the central hydrogen atom
is maintained.

We thank Mr R: F. Dyer for his help with the neu-
tron intensity measurements and Mr S. A. Wilson for
growing the single crystals. We are grateful to Dr J.C.
Speakman, who first aroused our interest in this com-
pound.
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The Crystal Structure of N,N’-Hexamethylenebispropionamide
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(Recetved 29 January 1957)

The crystal structure of N,N'-hexamethylenebispropionamide has been determined by two-dimen-
sional projections. The structure consists of molecules bound together by N-H - - + O bonds to form
molecular ribbons. Relatively weak lateral forces operate to bind each molecular ribbon to its
neighbors. Cutting properties of the erystals vary markedly with direction and correspond to the

anisotropy of intermolecular forces.

Bond lengths and angles have been determined and are close to expected values, except for the
appreciably short C—C bonds within the chain. A possible explanation for the apparent shortening

is advanced.

Introduction

The molecular structure of simple compounds con-
taining the peptide (-NHCO-) group is of considerable
interest in connection with the structure of proteins.
It is also important to know the structure of the
peptide group for purposes of infra-red spectroscopic
studies from which the location of transition moment
directions with respect to the bond directions within
the group may be determined. In this connection a
study of the crystal structure of N,N’-hexamethylene-
bispropionamide (hereafter referred to as HMBPA)
was undertaken.

* Now at the Textile Fibers Department, The E. I. DuPont
DeNemours Company, Wilmington, Delaware, U.S.A.

T Now at Bell Telephone Laboratories, Inc., Murray Hill,
New Jersey, U.S.A.

Experimental

Unit-cell parameters were determined from rotating-
crystal and precession photographs using Cu K« radia-
tion:

@y = 18:60, b, = 4:96,¢, = 749 A, B = 97° 15’ .

The k0! and 0k0 reflections were extinguished for A
odd and % odd respectively. Hence the space group
was assumed to be P2,/a. With two molecules per unit
cell, d g = 1-11 g.cm.™3,

Crystals of HMBPA in the form of needles or plates
can be grown from chloroform solutions. From solu-
tions using a mixed solvent of carbon tetrachloride and
chloroform, well formed equilateral parallelopipeds are
obtained.

The intermediate axis of the refractive index ellip-
soid is coincident with the needle axis, the direction of



- L. H. JENSEN, SAMUEL KRIMM, ROBERT G. PARRISH AND DARWIN L. WOOD 529

most rapid crystal growth. Cleavage at 38° to the
surface of the plates is prominent. The cleavage section
contains both the axis of intermediate refractive index
and the obtuse bisectrix and is, therefore, a principal
optical section. The refractive indices are:

& = 1-5741+0-005, B = 1-59240-005, y = 1-80+0-05 .

Cylindrical single crystals having the cylinder axis
coincident with the needle axis [010] are readily cut
without distortion, using an ordinary histological
microtome. This method was not, however, satis-
factory for cutting cylinders with axis coincident with
[001]. The reason (see below) stems from the relatively
great force binding the molecules together in molecular
ribbons along & compared to the weak lateral forces
between adjacent ribbons. Thus the force to move the
microtome blade through the crystal, even for cuts
of 1 u depth, was sufficient to cause the crystal to
pull apart in the region next to its adhesive mounting.
It was found that excellent cylinders along [001] could
be cut using a string moistened with chloroform
(McGuire, 1949; Maddin & Asher, 1950). The device
could also be used for dressing the crystal to size and
removing irregularities.

Photographic intensity data were collected using an
integrating Weissenberg camera (Wiebenga & Smits,
1950). Data for the %0l reflections were collected from
three essentially cylindrical crystals of diameter 0-3,
0-15 and 0-01 mm. Data for the hk0 reflections were
collected from a single cylindrical crystal 0-2 mm. in
diameter. Integrated intensities were determined as
described previously (Jensen, 1956) except that in this
case the output from the densitometer was recorded
by a potentiometric recorder having a logarithmic
response so that areas could be determined directly
on the chart. In this way 135 of the 179 accessible 40!
reflections and 94 of the 118 accessible %0 reflections
were observed.

Determination of the structure

The frequency and dichroism of the NH and CO
stretching bands in the infra-red spectrum indicate

C

that all the peptide groups are hydrogen bonded with
the bond directions within 10° of [010]. Polarized
spectra recorded from sections cut parallel and per-
pendicular to the cleavage planes indicate that the
molecules are planar and parallel to the cleavage.
Since there are two molecules in the unit cell while
P2,/a has four general positions, it follows that the
molecules must lie in special positions. From the very
intense 401 reflection, it is clear that the molecules
must lie near this plane. This is supported by the fact
that the cleavage direction as well as the principal
directions coincide with the 401 plane. A trial struc-
ture was therefore proposed with the plane of the
molecule in this plane. Inclination of the axis of the
molecule to the ac plane was estimated from the polar-
ized infra-red data on the hydrogen bonds. Structure
factors were calculated and an F, synthesis on (010)
was evaluated, using precession data only. The result-
ing low-resolution synthesis indicated the essential
correctness of the trial structure. Recalculation of the
complete set of F for the Weissenberg data resulted

Table 1. Reliability indices

Broi (%) Bako (%)
Final 7-6 9-0
H atoms omitted 12-9 12.7
Isotropic temperature factor,
oxp [—4-0 sin2 6/ 2] 15-9 17-7
H atoms omitted, isotropic temperature
factor, exp [—4-0 sin? 6] 42] 20-8 20-7

Table 2. Temperature-factor parameters*
exp —[(B+ C cos?g) sin20/ 2]

B (A2) Chor (A2) B (A2) Chio (A2)

C, 32 30 2.9 2.5
C, 3.2 3-0 2.9 2.5
Cs 3-2 3-0 2-9 25
C, 2:6 3.0 2.7 2.1
Cy 3:5 35 4.0 2.1
C, 45 35 50 2.1
N 3-2 30 2-8 2.

(6] 4-6 3-2 2-6 4-4

* Direction of maximum vibration for projection on (010)
assumed to be +37-5° from «; for projection along (001]
assumed to be parallel to a*.

ago(l\k/v

(@)
Fig. 1. F, syntheses: (a) projected on (010);

(b)

(b) projected along [001]. Contours at integral

values of electron density, zero contour broken.
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Table 3. Comparison of observed and calculated structure factors

13- Fe AF

Index

AF

Fo

Index

av

©
[

T

ncex

pe

Fo Fe

Index

Moo
]
001_.

A e Sk LQNNTN
3&&0582LH3803L301211
— L] i i [ 1 [

6h5hh17110 97607612_>.u
36|u1..u82223813|u312211

v v
RQARARRARRARRAAARRRARARAAAR
ARRSNORSRG AYRTRRRAAR

?576)0 _79"
\UOOOU _00 1~

0 MOVYD O AW
e

S A d0 S

! 1—.1_‘_ 4

e e ot

RS GRS
3131 ey

QUNO®MONOT @

lvwll 010

g A

HN e O
e 273 o s o
100440 o

305
000

LA A

v vv v ~

131169

n_LOOOOﬁ_.-

00 O O N0

A e )

Oluhnz?_.bll_/

v v

7
8

SEsss e QD
RSBBRBREZE ==

® N S OInR TN And
s o e e s s e s s .

_0_ | On.vl l.unOOllnw.l '

T T NN MO &N

By

D KRNI
. e o e .

NOTQNTOAHNOYO M N M
.h10361955l4060221111

I e e A o O KALATA
AhaAARddSS A A AT S A

<

mnl w — 00 _053?~32535 s_
. Il B OE BE I I )
oo 00_0__4nw ~~H000 ot

Mo AWN A A-T0 A AT
e o o s o e s e e 2 a2,
A~ AHSO AMOI T AN
! LI N ) 1 ' 1

OUNN-— MO -TINC-00 T 0N

13 P e e e e e 3 e e et e e .
TN AHO MV ANO A AN

— |4339hb70200557h35050 -5_
Co »31_00001001000000000

_0_

81533811&1790536 3&06206

6.u.u31 h78.u|u9321316231020
15:/ . ] [} '

21227|u0016l7ld52798|u56|u50

0041001000 '

|u5067106032

ASIRG
wn:vsfo _5 5nw

1OV DN M N

04001010

~IND NG NO Oy

LR A A R ot K LA
200201%0000&00000

QW
0000

30556713393

153 ......, z

5 713\u1|u?7lu|u01u22316231121 oo 05103756]‘23]“212\“111
o 0000000 D nrvou

§ 522589222322232828083R7 SRRRERBRRAENRRRAGRER SRS

I8 AN o NS AN IUYRZZIRXRIT AdAAAAAAASA SN

ANMONONQMH SWNOMOTON ML MoNIIN-TOH | I300WYNn 1991

38333333 H = 0110100_1dw

1 ] [ R ]

e e e e e e s T e e e e e A RO
ASAAAAAS NG AASS AR %5L%UNL1L21 SN SAdAS 02567356551 SRS ARG A 72H9MM2033@
V vV VVVY v vV v v v v v vV
- wmnn
It fm et P (e (e DR EWDD RO Ao ddrd NOONNNNNNNN MOaAMOaMMaN® 3 3.3.39-33.39.3.3 55565;%5 0
G OLQ O O QU200 0RS < .\Oﬂw_m.Jm R 23S KRS QO D00 mevnwk 2O DT DD B 7<_5_me % S
\Y & ¢ o T v et < 1O M ~
E &g SMMH. S ¢ Lé&h MR VB! T:&-wm SHEORRIS _b.bvwllﬂl_.L_N_L BRI SOLIREREy 1t RS EEBRE SINASEIRIN
QWHAH | 9N | o AHNMMAH 1O AN | g gTo o1 B R ot R R e R e i Ao QNDNMNG M A R e A
. LR . . e v e v e s K
L.O.DUL 0.0.0_O._ LLHM?OZO COn_v. D..l?OJ.On_v 100 0011,.L.10___ 0000000_00_ CLOh.yn_vn_vnw.uO (n_vLA.v.Oﬁ.vn..vt.v
[
- o~
977?52187h0 17 362871306 0 VT O N\ VO D - MNHNH MO AN MM )..717L29nu|u1u0 J«O&JJJV.JJ& O.\u.‘).?uo..«unl..\m.h
. e e o e s o s e, P R R AR R S R S R A S K R CNE SASSdAsAa
& © = ANCICHOAA OO HOMOOO RN GOHS  Anangqan
lﬂ7vu0 83010 %6|mm1_.050<_4h.u0 lmlo.u rwn 1 _1 ) J.....l 1_._ [ n 1 1 11 [ LI
0

QNDOMVNVO MmN

7n931289121
- Ay v v

33323333300

A

5255 4337558
SAIG NS A0S

\2 v
DA DA DA D T DT g3.g-3-330-03-3-
BRI8058335F 973388R3HEE

, using

at 729, for the above 48 reflections. Calculation of all
observed Fio gave R = 15-1%. From this point on,

refinement proceeded through six AF syntheses

syntheses. After these five refinement cycles, R stood
complete k0 data.

mne-

44-99 for the observed reflections. Ref
ment proceeded through one additional F, synthesis

and ten AF syntheses.

_R ==
From the structure projected on (010) and approx-

m

Values of the reliability index, R, based on all ob-
served structure factors are given in Table 1. In Table 2

are listed individual atom temperature-factor para-

f the 48 most intense F;, reflec-

35:49%. Only these most intense re-

10N O

te expected bond lengths, y coordinates were as-
d. Calculat

ima
signe

flections were used for the first F, and first four AF

tions gave R
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Fig. 2. (a,b) AF syntheses from which final coordinate changes were taken, and numbering of the atoms. Contours at intervals
of 0-2 e.A~2, zero contour omitted, negative contours broken. (c,d) AF syntheses showing hydrogen atoms. Contours at
intervals of 0-2 e.A~2%, zero and negative contours broken. (e, f) AF syntheses showing electronic anisotropy. Contour
interval 0-2 e.A~2, zero contour omitted, negative contour broken.

meters used in calculating final structure factors; were calculated. Final F, syntheses are shown in
F,, F,and AF appear in Table 3. From the coordinates  Figs. 1(a) and 1(b) and difference maps from which
of Table 4, the bond lengths and angles of Table 5 final corrections were taken in Figs. 2(a) and 2(b).

37+
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Table 4. Atomic coordinates

z/a y/b zfc
C, 0-0087 0-1140 0-9393
C, 0-0548 0-0260 0-7944
Cy 0-0694 0-2596 0-6745
C, 0-1422 0-3602 0-4279
Cs 0-1887 0-2460 0-2945
Cs 0-2096 0-4508 0-1612
N 0-1122 0-1826 0-5324
o 0-1325 06072 0-4520
H, 0-040 0-807 0-133
H, 0-040 0-252 0-040
H, 0-025 0-888 0-710
H, 0-107 0-950 0-857
H, 0-017 0-333 0-607
H, 0-102 0-415 0-757
H, 0-119 0-978 0-510
Hg 0-152 0-101 0-210
H, 0-233 0-121 0-363
H,, 0-167 0-545 0-080
H,, 0-245 0-595 0-237
H,, 0-238 0-333 0-060

Table 5. Bond lengths and angles

(oo 1-512 A Ci-C,-C, 113-3°
C—C, 1-529 C,—C;-C, 111-2
C;—C, 1-512 Cp-C-N 112-8
C-N 1-458 C~N-C, 1239
N-C, 1346 N-C,—C, 116-9
C,—C;s 1-512 C,~Cs5—C, 113-7
Cs—Cq 1-509 N-C,-0 1185
c,-O 1-255 C5—C-0 124-5
N-H---0 2:951
Discussion

All H atoms except H, are tetrahedrally bonded to
C atoms. Coordinates for these H atoms were deter-
mined by using a C-H bond length of 1-1 A and
tetrahedral angles. The methyl group was rotated
about the C;~Cg bond until a reasonable match between
methyl H atoms and the corresponding peaks of the
difference map on (010) resulted. H, was placed on a
line joining the N atom of one molecule with the O
atom of the adjacent molecule, assuming a N~H bond
length of 1-0 A. Agreement between the positions of
the H atoms thus chosen and the hydrogen peaks of
the difference maps is indicated in Figs. 2(c) and 2(d).
Agreement is rather poor in general and particularly
so for H atoms of the propionyl group in projection
along [001]. Nevertheless the essential correctness of
the H atom positions is indicated. Because of the large
thermal motion, much better H atom positions would
result by using diffraction data collected at liquid
nitrogen temperature. Figs. 2(e) and 2(f) are difference
maps showing the difference of electron density from
that corresponding to McWeeny scattering factors
(McWeeny, 1951) with a temperature factor
exp [—4-0 sin? §/2%]. Tt is clear from Fig. 2(e) that in
projection on (010) the direction of maximum vibra-
tion is essentially the same for all atoms and at right
angles to the chain. Now in the projection along [001],
Fig. 2(f), although all atoms are resolved, overlap is
appreciable and the best direction (or directions) of

THE CRYSTAL STRUCTURE OF N, N'.HEXAMETHYLENEBISPROPIONAMIDE

maximum vibration is not clear except for the O atom.
For this reason and to simplify calculation, the direc-
tion of maximum vibration in projection along [001]
was assumed to be parallel to a*.

Fig. 3 indicates how overlap in a zigzag chain

Fig. 8. AF synthesis for chain structure with direction of
maximum vibration along chain («—); spherical atoms
assumed in calculating F,.

coupled with isotropic (or incorrect anisotropic) tem-
perature-factor parameters may affect atomic co-
ordinates. For this case, similar to the projection of
HMBPA along [001], each line of atoms would be
shifted toward the other and bond lengths system-
atically short would result. It can be seen that,
depending on direction of maximum vibration, bond
lengths could result that are systematically long or
that alternate. It should be pointed out that three-
dimensional results that do not take into account
anisotropic thermal motion may not be entirely free
of the effect.

The C-C bonds of the saturated chains of HMBPA
are essentially constant and the average value is
‘significantly’ below the 1-544 A C-C single bond in
diamond. However, in calculating standard deviations
of atomic coordinates on which the significance criteria
are based (Cruickshank, 1949), one assumes random
errors. Systematic errors in the data or in the treat-
ment of the data may result in apparent differences
where no real difference exists. The simplification used
in calculating F;, probably accounts at least in part
for the short C-C bonds. Since the primary purpose
of this work was not to determine accurate bond
lengths, it did not seem worthwhile to explore the
matter further at this time.

The bond lengths C3-N, N-C, and C,~O are close
to expected values, and all bond lengths agree well
with those of corresponding bonds in N,N’-hexame-
thylenebisacetamide (Bailey, 1955).

As would be expected from the bond lengths, the
bond angles of the tetrahedral C atoms in the chain
are a little greater than expected and appreciably
greater than 109° 28’. All bond angles are close to the
corresponding angles of N,N’-hexamethylenebisacet-
amide, except for N-C,~0 and C,;~C,-0. This difference
is to be attributed to differences in packing and
hydrogen bond energies. Deviations from ideality of
bond angles about the trigonal C, and N atoms result

in a considerable bend in the molecule at the amide
linkage.
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Molecules are bound together in molecular ribbons
along b by N-H - - - O hydrogen bonds shown schema-
tically in Fig. 4. It is this molecular arrangement that

AR

Fig. 4. Schematic representation of molecular ribbon.

results in cutting anisotropy of the crystals, i.e. easy
cutting parallel to b but only with difficulty normal
to b.

We wish to express our thanks to Mr Charles
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A method of eliminating the primary extinction effect in electron diffraction. By Goro Honso
and NorraisA Kitamura, Tokyo Institute of Technology, Oh-okayama, Megurokwu, Tokyo, Japan

(Recetwed 22 May 1957)

It has been reported by a number of workers that the
intensity of electron diffraction by a crystal sometimes
deviates from the value calculated by the kinematical
theory of diffraction (Yearian & Howe, 1935; Ornstein,
Brinkman, Hauer & Tol, 1938; Tol & Ornstein, 1940;
Lennander, 1954). Blackman (1939) ascribed it to the
dynamical diffraction effect, or the primary extinction
effect. On the basis of the experiment of Jamzin (1949),
Pinsker (1949) published an opinion contradicting Black-
man. Kuwabara (1957), however, recently performed an
experiment similar to that of Jamzin on evaporated
films of some metals and salts, and recognized that an
appreciable extinction effect occurs even for quite small
crystallites. Therefore it is very important in electron-
diffraction structure analysis to have a method of
eliminating the primary extinction effect. One promising
method has been recently proposed by Nagakura (1957),
utilizing Wilson’s intensity statistics combined with the
current theory of the primary extinction effect (Black-
man, 1939).

Bacon & Pease (1953) gave a method of eliminating
the secondary extinction effect in neutron diffraction by
the extrapolation of intensities measured at various wave-
lengths to the wavelength zero. A similar method may be
applied also to electron diffraction.

According to the result of the dynamical theory ap-

plied to a parallel-plate crystal (Blackman, 1939), the
intensity of a reflexion is given by

I« f(4).|F)?, 1)

where F is the structure factor and f(4) is the primary
extinction coefficient defined by

104
f4) = 1 SOJ°(2z)dx .

Here J, is the zero-order Bessel function, 4 =¢|F|HA, c is
a constant, H is the thickness of the crystal and 4 is the
wavelength. The function f(4) can be approximated by
exp (—%A?) for A < 2 within an error less than 1%.
Then (1) can be rewritten as

In I = In |F|2—4c?| F|2H2A%+ const. (2)

Thus, InI should be linear to A2 with a gradient
3c?|F|2H?, and the value of In I extrapolated to A = 0
should give the kinematical value of I.

The above theory may not hold exactly for crystallites
of complicated shapes in practical specimens. We can,
however, anticipate that the use of the In I —A42 plot will
give a practical method of obtaining the kinematical
intensity.

An experimental observation was carried out for poly-



