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The crystal structure of N, N-diphenylacetamide was determined by X-ray diffraction -using a counter
detector. The unit cell is orthorhombic with a=11-0103 A, =12:0754 A, and c¢=17-2944 A and space
group Pbca. The eight molecules occupy general positions in the unit cell. Coordinates and anisotropic
temperature factors were refined by differential Fourier syntheses to R=0-059 for 2136 observed struc-
ture amplitudes. The amido group is planar, and the two benzene rings are inclined by 61-75° (ring

nearest oxygen) and 77-25° from the amido plane.

Unit cell and space groupv

Prismatic crystals of high quality were grown by slow
evaporation of a saturated n-hexane solution. The unit-
cell dimensions were determined from diffractometer
measurements by the extrapolation procedure devel-
oped independently by Nelson & Riley (1945) and
Taylor & Sinclair (1945). The dimensions were:

a=11-0103 + 0-0004 A
b=12-0754 + 0-0004
¢ =17-2944 + 0-0002

We are indebted to Professor John C.Morrow of the
Chemistry Department, University of North Carolina,
for two density determinations yielding 1-:23+0-02
g.cm3. The theoretical density, assuming eight mol-
ecules in the unit cell, is 1-22 g.cm~3. Extinctions were
observed for #k0 with # odd, Ok/ with k£ odd, and 40/
with / odd, which corresponds to the space group
Pbca (D).

Experimental

All diffraction measurements were performed with a
General Electric diffractometer equipped with single-
crystal orienter, scintillation counter, and pulse-height
analyzer. Corrections for counting loss were determined
in the following manner. Klug & Alexander (1954) give
a relation between the observed counting rate r» and
the true counting rate N:

n/N=1-nt ¢))
where 7 is the characteristic time constant of the de-
tector system. If we consider two reflections giving dif-
ferent observed counting rates, n; and »,, the following
approximation can be derived:

ny Nl
~ ——[1—(n— .
" A [1—(n1—ny)7]

@

* Present address: Bell Telephone Laboratories, Inc. Mur-
ray Hill, N. J., U.S.A.

T Present address: R. J. Reynolds Tobacco Co., Winston
Salem, N. C., U.S.A.

Values of n, and n, were measured with varying num-
bers of foils attenuating the diffracted beam, and these
data were plotted as (m/n,) versus (n;—n,). The value
of 7, 4:13 x 10-6 sec, was determined from the ratio of
the initial slope and intercept. A linear behavior was
observed up to 8 x 104 counts.sec™, so calibrated metal
foils were used to ensure that the counting rate did not
exceed this value during collection of the intensity data.

The initial set of intensity measurements were per-
formed with a crystal having approximate dimensions
of 0:6x0-5x 0-5 mm. The strategy proposed by Alex-
ander & Smith (1961) was utilized to expedite the data
collection process. Both the peak intensity and inte-
grated intensity (26 scan) were carefully measured for
a number of selected reflections. The ratio of integrated
to peak intensity was found to be independent of y
and ¢, and to vary in a continuous manner with 26.
The background level was minimized by the use of a
nickel § filter and careful adjustment of the pulse
height selector, and under these conditions the back-
ground could also be represented satisfactorily as a
function of the single variable, 26. The actual data
collection was accomplished by setting y, ¢, and 26
at their precalculated values, adjusting the latter two
angles to maximize the intensity, and measuring for a
period of 20 seconds with stationary crystal and
counter. In this manner an intensity measurement re-
quired about three minutes, and data for the 2136 re-
flections having 260<140° could be collected in two
weeks. During this time the intensity of a reference
peak was remeasured every 30 minutes to ascertain
that the crystal alignment remained unchanged. A
computer program corrected the observed peak inten-
sities for counting loss and background radiation, con-
verted to integrated intensity, and applied the Lorentz—-
polarization correction.

During the course of the refinement it became ap-
parent that some of the observed structure factors cor-
responding to low 26 values were seriously in error
owing to primary extinction. A second, smaller crystal
was therefore quenched several times in liquid nitrogen
to increase its mosaic character, and the intensities of
all reflections having 26 <40° were remeasured using
this crystal.
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Trial structure

The geometry of the benzene rings, and the planarity
o
/
of the R-C-N portion of the amide grouping, could
be assumed at the outset. The studies of acetamide by

Fig. 1. Difference electron density map showing the hydrogen
atoms projected upon the x-z plane. Contours are drawn
every 0-1 e.A-2,

3
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Fig.2. Composite electron density map of N, N-diphenylaceta-
mide. Contours are drawn every e.A~3, beginning at 2 e.A-3,
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Senti & Harker (1940), of formamide by Ladell & Post
(1954), and of acetanilide by Brown & Corbridge
(1954) and Brown (1966) all indicate considerable con-
tribution from the resonance form:

since in these compounds the C=O bond distance is
longer than the usual double bond, while C-N is
shorter than a normal single bond. In each of the above
monosubstituted amides the bonding about nitrogen
is planar. However, the work of Pederson & Pederson
(1965) on N-methylacetanilide had not been reported,
so that we could not exclude pyramidal bonding about
nitrogen for a disubstituted amide. Thus, the position
and orientation of the molecule in the unit cell, the
orientation of the two benzene rings, and the bonding
about nitrogen were the unknown structural param-
eters.

The three-dimensional Patterson function was first
calculated using a grid spacing of 1/50 of the unit-cell
dimensions. This revealed little detail owing to the
large number of nearly equivalent atoms present. The
resolution could be considerably improved by sharp-
ening about carbon, using an isotropic temperature
factor of 2:0. The Harker sections (Harker, 1936), and
the corresponding implication diagrams (Buerger,
1959), were constructed ; however, these were of little
assistance due to the large number of prominent non-
Harker peaks. We therefore reexamined the sharpened
Patterson maps, and eventually deduced a suitable
trial structure giving R=0-637 for 606 low order re-
flections through identification of some 80 Patterson
vectors.

Structure refinement

All calculations were performed on the Duke Univer-
sity Computing Laboratory IBM 7072 machine. A
three-dimensional Fourier synthesis program written
specifically for space group Pbca was used for the
initial refinement. During this process, which reduced
R to 0-:304 for 894 reflections, it was discovered that
the tilt of one benzene ring, as well as the positions
of the methyl carbon and oxygen, were reversed in the
trial structure. The remainder of the refinement was
performed with a three-dimensional differential syn-
thesis program written by Dr Shiono, and provided
through the kindness of Professor Jeffrey, Crystallo-
graphy Laboratory, University of Pittsburgh. The co-
ordinates of the ten benzene hydrogen atoms were in-
serted, assuming a C-H bond distance of 1-07 A, and
all 2136 observed structure factors were included in
the remainder of the refinement. When R reached 0-194
it became evident, through an initial decrease of R with
increasing sin 6, that some of the low order reflections
were affected by primary extinction. When the inten-
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Table 1. Observed and calculated structure amplitudes

H K roBs oL REL YoBS FeAL XL FoBS FeaL KL o8BS oL
. 8.3
SR PrEoms st 3o s
HEE RN 2 212 2.2 3400 2.9 1 7.0 &3
1 716 5.7 2 ; :! ls.: 16.0 g g : l;.tl: ::.q -
2 4 . 1.9 . -
HREY a 2 215 5.7 6.2~ 2 910 12.6 124 -
181 9.7 2 216 2.9 a1 2 91 6.0 5.7 -
18 2 2.) 2. 217 16.4 16.7 = 2 912 1.2 11.6
18 3 “s 2 218 6.2 6.1 2 913 3.3
1 8 & 1.4 2 219 6.8 6.3 2 9 1s 1.1
2 1 8 s 18.8 2 220 5.6 3- ; : xl: z.:
'Y 1.6 2 3 M
: o : ] iR, W
: L e s 10 23 210 2 %0
2 1 810 22,6 2 3 203 &l
2 1 811 26.5 2 3 21004 3.3
2 1 812 6.8 23 N
2 1 813 1.9 23 210 o 6.0
2 1814 Pors 23 210 7 2.6
2 1815 o4 2 ) 210 8 13T
H 1816 6.3 23 210 9 T8
2 1817 2.4 2 3 21011 49
H 19 1 121 23 21012
2 19 2 10ls 23 21013
2 19 3 18le 23 2101
23
: b3 i i
H 109 & 2 3 FET
23
: P ;i i
2 3
: 3l i PNl
M 911 2 4 211 6
N 912 2 . 21 7
4 913 2 . 211 8
N 9 14 2 . 211 9
4 918 2 . 21110
e 916 2 20 n
M 10 1 2 . 21112
M 10 2 z 2113
e 10 3 2 s 212
4 10 & 2 . 212 1
N 10 s 2 . 212 2
M 10 & 2 : :: H
N o 7 2 4
4 :o [ 2 4 g :: :
: 10 o 2
& 10 10 2 4 212 17
M 1011 2 4 212 @
M 10 12 2 & 212 9
s 10 13 2 4 21210
$ 10 1& 1.0 2 4 2121
6 10 15 5.0 2 5 213
. i 1.1 2 5 213 1
4 n o2 o= 2 5 2046 - : :; §
¢ 1n 3 1281 F Y
H 3 1 & - 2 s 213 &
6 3 1n s [P 2 s 213 5
6 3 [T “.0- 2 s 213 6
e 3 n o7 5.4 - 2 s 213 71
H 3 n e S.1 - 2 05 213 &
s 3 1 9 1.3 2 5 21 9
¢ 4 1 10 1o - 2 s 214 1
¢ 4 1nn . 25 214 2
H 4 112 1 13- 2 s FEYEE
I3 . [T 2.4 2.0 - 25 214 4
6 “ 12 1 3.6 3.6 2 s 214 5
6 4 12 2 15.3 15.4 2 5 3 2 1.0 =
(3 4 1z 3 26,3 24,2 - 2 5 3 4 2.9 =
I3 . 12 4 1.4 1.0 2 s 3 6 22,2 -
H + 125 als 9- 2 HEH 2.2 -
8 . 12 6 1.4 1.7 ~ 2 5 3 30,7 -
: M 12 7 2.9 206 - 26 3 008
H N 12 8 s s FES 3 3803
: & 12 9 2.0 1.9 - 2 6 3 5.7
H & 12 10 3 . 2 6 3 6n2
: s 12 11 1.0 6.6~ 2 6 3 3.4
: M 12 12 3.9 2.9 - 2 6 3 703
: N 131 24 2.6 2 6 3 993
H 4 132 8.4 8.7~ 2 6 3 18.5
: 4 133 slo 5.0 - 26 I Fet O
H s 13 4 9.4 9.3 2 6 3 2501
8 5 1 18,7 13 s 16.0 16.8 - 2 8 31 9.8 -
s 5 2 2.7 [ 9 3 2 e 3t o
8 s 3 330 137 2 6 31 12.1 -
8 5 4 3.4 138 2 6 N 2.1
s 5 5 3l 139 2 s 3 2.9
4 5 6 17.6 1 1 2 e N 2.9
s 5 71 2500 14 2 26 3 os o
10 s 8 2.5 14 3 26 .0~ 31 9.2
10 s 9 12,2 14 4 2 6 2.0 HE R
10 510 2.5 14 S 27 1.5 - 3 For9n
10 s 11 1“6 21 e HIR K
10 5 201 M 3! 2.0
1 H 2 21 1503 HE -
1 : ¢ 27 1003 31 fat4
10 s . 27 8.0 31 7.6 -
] H . M 2.9 - 3 2 120.5 -
10 s 10 2 1.3 32 14.0
10 s 12 21 o 32 40
10 s 14 2 110 181 R4 HI R
10 6 16 2 1 3 2 3.9
¥ s F 2 112 3 2 g
¢ 2 113 - 3 2 2000
10 6 1 2 714 32 43.5
H . 12 2 118 - 3 2 2
L . 13 2 1186 - 3 2 21—
12 2 6 S HESL 22 21
12 3 6 1 s 2 118 - 3 3 2.8
Y : bd i : 3
28 4
12 8 6 HE - ; _ ; ; ,;.:
12 7 Iy 4 182 - 32 2aC
12 8 6 110 2183 - 32 o
12 9 H 111 28 s 32 Lo
12 10 s 112 R _ 32 s
12 1t Y IR HEE 32 i
1" . i 2o 33 1509
. - 3
16 1 6 117 H e 33 303
16 2 7T 1 1s HEER 33 05
14 3 T2 116 2 812 3 3 e
14 4 7 3 2 e
. 2 813 - 33 244
i 73 HE 2o - 33 1e0e-
14 6 T s : 2 HERY - 33 e
1 2 L HEH RN - 33 7
Lo 73 H 2 3 258~
H - 2 - 303 14,0~
b 110 F] 231 - 33 178
2.9 2 - 33 15,4~
12 T 2 8 2 9 3 33 2ece
o T2 29 8.6 8.0 - .
. 29 & - 33 pod
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Table 1 (cont.)

HEKL Fons HEKL FoBS FoAL
3N 3.6 “ 6 1 32,4 33.6-
31112 1.0 4 6 2 12.3 12.3
31113 6.3 4 6 3 4.6 2,2~
312 1 3.5 4 6 4 9.4 8.8~
31z 2 5.3 4 6 8 12.5 11.6
312 3 s.1 “ 6 6 1404 L4.7
312 & 7.3 4 6 7 o o3
312 8 4.3 4 6 8 15.7 15.6
312 6 2.6 4 6 9 18.4 17.7
312 7 2.6 4 610 8.6 8.1
312 8 3.4 (Y

312 9 .3 “ 6

312 10 Y 4 6

31211 8.5 4 6

313 1 5.5 “ b

313 2 4.8 4 6

313 3 4.1 4 6

313 & 2.1 4 6

313 8 6a1 4 7

313 6 1.7 4 7

313 7 2.3 47

313 8 .9

314 1 3.5 MR

316 2 3.1 4 7

314 4 1.4 “ 7

4 27.1 4 7

4 2 26.7 47

4 4 16.7 .7

03 6 16.8 47

4 8 17.8 “ 7

4 10 5.2 6 7

4 12 19.8 P g

4 14 24,6 4 7

“ 16 5.0 4 7

4 18 1.5 4 7

4 20 4.9 47

4 1 7.5 “ 8

4 11 25.1 48

4 1 2 3.3 4 8

4 13 1.6 “ 8

4 1 4 16.1 . 8

4 1 5 3.5 “ 8

4 1 6 1641 4 8

4 17 3.4 4 8

4 1 8 16.2 4 8

4 1 9 16.0 4 8

4 110 16.3 4 8

4 111 12.3 “ 8

4 112 4.2 4 8

4 113 10.8 4 8

4 114 8.2 4 8

4 115 8.1 4 8

4 116 1.4 4 8

4 117 6.9 4 9

4 118 T.4 4 9

4 119 1.3 4 9

4 120 2.3 4 9

4 2 4.3 4 9

4 21 2241 4 9

4 2 2 78,5 4 9

4 2 3 24.0 4 9

4 2 4 8.3 “ 9

4 2 8 31.8 “ 9

4 2 6 35.0 4 9

4 2 1 17.4 4 9

“ 28 29.7 4 9

4 2 9 .9 4 9

4 210 6.8 4 9

4 211 5.1 410

4 212 8.0 4 10

4 213 .7 410

4 214 5.1 410

4 215 4.7 4 10

4 216 6.4 4 10

4 218 1.2 4 10

4 3 23.0 410

4 31 23.6 410

4 3 2 50,0 410

4 3 3 15.. 4 10

4 3 4 8.0 410

4 3 s 9.0 “ 10

4 3 & 49.3 4 10

4 3 7 5.7 611

4 38 12.6 “ 11 2.3 2.3-
4 3 9 29.2 411 2 4.6 405
4 310 11.9 411 3 6.3 6.7
4 31 8.2 411 4 9.5 10.0-
4 312 3.5 411 5 3.2 3.3-
4 313 13.8 41 6 3.8 3.6~
4 316 .5 411 7 1.3 oS-
4 315 4.6 411 8 6.1 5.6~
4 316 5.8 411 9 1.3 1.8
4 318 .8 41110 1.8 1.3~
4 319 2.5 41111 1.1 .2-
4 4 39,5 41112 9.1 8.8
4 4 1 1.1 “ 12 12.0 12.8-
4 4 2 63.6 ‘12 1 7.5 7.7
4 4 3 14.5 412 2 1.4 1.0-
“ 4 4 3.1 412 3 o5 1.2~
4 4 5 1.5 412 4 1.7 2,3
4 4 6 1.4 412 5 4.5 45~
4 4 7 20,3 412 & .6 o5-
4 4 8 18.8 412 7 3.5 3.7
4 4 9 8.5 412 8 o5 “6-
4 410 To4 412 9 4.0 4.3~
4 41 13.8 41210 4.2 5.6
4 412 22.9 413 3.6 3.4
4 413 le.1 413 1 5.5 5.2
4 414 .6 413 2 1.3 la1-
4 415 .6 413 3 fors 1.8-
4 416 4k 413 & o5 .5
4 417 10.3 413 3 o8 o6
4 418 1.5 413 & 2.7 2.3
4 419 3.8 413 7 Se1 5.0
4 s 54,5 4 14 4.4 402
4 5 1 21.7 414 1 ) o3
4 5 2 21.2 5 2 6lal 63.2-
4 5 3 25.0 5 4 2.9 3.8-
4 5 4 18.6 5 6 38.9 39,7~
4 5 5 “.9 5 8 5.7 7.6
4 5 6 3.0 5 10 14.9 15.1
4 5 7 1.0 5 12 20,7 21.6-
4 5 8 T.4 5 14 2.4 2.9
4 5 9 13.3 s 16 6.2 5.6~
4 510 16,7 5 18 9.4 9.5-
4 511 3.8 5 1t 42.1 41.0-
4 512 15.6 s 12 10.3 9ebm
4 513 3.9 5 1 3 30.7 31.1
4 5 1 2.2 5 1 4 30.9 32.3-
4 518 5.4 5 1 5 19.6 19,5~
4 516 1.5 5 1 6 22,7 21.9
4 517 1.0 5 17 14,2 13.7-
4 6 45.3 5 1 8 1.1 9~
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11 9.5 8.9~
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15 1.3 .9
16 11 8-
1 11.5 11.8
2 i1.0 11.2-
3 3.7 3.5
4 6.5 7.8~
5 3.7 4.6~
& 1.6 2.4
7 2.3 3.1
8 6.1 1.7
9 7.6 8.3
10 .5 b=
1 1.3 1.2~
12 1.1 .3
13 3.5 3.7
16 3.6 3.8
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Table 1 (cont.)

Rl FoBS FOAL HKL L REKL FoBS FCAL HEL LR 2 FoBS
30.4 30.6 T .- 110 6 5.8 5.6 2 112 9 7 3 12.0
[ o3 20~ T 112 bab= T10 8 .5 3= s 713 97 4 e
6 5 2 25.5 25.5 7T 113 ENY T10 9 3.0 2.3 s 8 ? 7 5 .9
6 5 3 .8 1.5- 7 114 16,9~ 710 10 .7 .2 s 8 1 9 1 6 5.9
6 5 4  16.8 17.2 7 118 11.8 T 1.3 1= 8 8 2 ? 7 7 8.8
6 5 S 4.9 “.1- 7 116 13.3 T2 1.9 1.9~ 8 8 3 9 7 8 3.9
6 5 6 9.6 9.9 T 17 7.7~ T3 1.6 1.4= 8 8 & 9 7 9 “
6 5 7 1.6 1.2 T 21 3= T4 3 3= s 8 3 9 710 5.7
6 5 8 9.0 9.3 T2 2 8.4 T8 4.2 .7 8 8 & 9 111 p
6 5 9 12.7 12.6 T2 1.0- T e .7 .8- 8 8 8 9 8 1 7.7
6 510 18.1 17.8 72 4 8,2~ TuoT .8 8- s 810 9 8 2 7.7
6 511 5.1 5.8 1208 5.8 T8 2.8 3.1 s a1l 9 8 3 10.6
6 512 124 12.7 126 19.1 112 2 1.2 12— s 812 9 8 4 1.0
6 513 .8 .9 1 27 15.2 7112 3 2.7 2.4- .89 9 8 5 3.8
6 514 3 7= T 2 8 14.5- 112 4 6.3 6.3~ 8 91 98 & 2.3
6 515 3.8 4.0- 129 .3 112 8 3.8 4.7 9 2 9 8 7 4.5
6 516 1.3 1.0 T 210 5.0 8 1.3 10.7 a 9 3 9 8 8 4.3
6 517 4.2 3.5 T 21 4e3= 8 2 4.8 5.9- 8 9 & 9 8 9 6.2
6 6 13.5 12.2 T 212 14.9 8 4 1.1 o5 8 9 5 9 810 1.1
6 6 1 21.6 22,2~ 7 213 o 8 6 8.2 9.7 8 9 6 9 9 1 5.5
6 6 2 4.6 3.0 T 214 4.3 8 s 4.3 402 8 9 7 9 9 2 8.3
6 6 3 2.4 1.2 T 218 3.9~ 8 10 7.2 7.1 8 9 0 9 9 3 1.5
6 6 4 1641 16,5~ 7 2186 12.0 8 12 2.5 3.0~ 8 9 9 99 4 .6
6 6 5 1.8 12.7 1 217 1.3 8 14 2.2 1.8- 8 910 9 9 5 12.3
6 6 6 5.3 5.8~ T3 11.2= 8 16 6.3 6.2 8 10 9 9 & 101
6 6 17 3.4 4.2 103 2 23.6- 8 1 29.8 29.1 810 1 9 9 7 5.1
6 6 8 10.8 10.8 73 3 4.3- 8 1 1 6.1 5.1 810 2 9 9 8 4.8
6 6 9 1.9 9.1 T3 4 17.7 8 12 8.3 T.4 810 3 910 1 6.6
6 610 3.7 3.2 73 s 22.9 8 13 3.2 3.9- 810 4 910 3 3.6
6 611 8.9 8.9- 13 8 22.9- 8 1 4 1.8 8.8 810 5 910 4 pry
6 612 1.2 - 137 25.5= 2 1 6 9.3 8.9~ 810 & 910 s 4.5
6 613 .8 1= 738 0.0~ 8 1 7 4.6 4.9~ 810 7 10 22.9
6 614 4.9 5.3 73 9 2.6~ 8 18 19.3 20.0- 810 8 10 2 .1
6 615 6.3 6.0~ 7 310 2.6= 8 1 9 3.3 3.3 811 10 - 1.2
6 616 .8 65— 1T 31 4eT~ 8 1 5 3.1 3.1 811 1 10 6 5.0
6 1 23.0 2404 7 312 8.9~ [BY 81l 2 10 8 13.8
6 7 1 13.6 13.6— T 31 18.9- s 1 3 10 10 2.8
6 1 2 12.4 12.5- 7 314 4.3 4.4 81 “ 10 12 4.9
6 1 3 7.9 1.1 1 318 2.1 2.0- [ 811 5 10 14 6.6
6 1 4 7.5 T.6- T 318 5.2 5.0- [ a1 10 1 3.1
6 1 5 7.1 [ T 37 2.8 2.2~ s 1 9 2 10 11 1.2
6 1 6 1.4 1.4 7 4 1 9.8 10.1= 8 2 9 “ 101 2 1.0
6 1 7 8.2 To3- T 4 2 146 14.5= 8 2 9 6 1001 3 1.5
6 71 8 5.0 4.8 7 43 1.3 s 2 9 1 10 1 & 8.1
6 7 9 4. 5.0~ 7 4 4 8.1 8 2 9 10 10 15 5.1
6 710  15.5 16.8- 1T 45 1.1 1.3 8 2 9. 12 10 1 6 1.4
6 111 10.7 11.3- T 4 6 2.3 8 2 9 14 10 1 1 2.2
6 112 1.5 - T 47 1.7 8 2 9 1 1 10 1 8 7.3
6 713 8.0 7.8 T 4 8 2.3 s 2 9 1 2 10 1 9 2.5
6 714 2.6 2.3- 7 409 6.0 8 2 9 13 10 110 10.8
6 718 1.1 2.4 7 4 5.2 82 9 1 4 10 111 2.
6 8 10,4 10,0~ 1 4 4.6 s 2 9 1 5 10 112 9.9
6 8 1 7.9 8.0 7 4 s 8 2 9 1 6 10 113 4.8
6 8 2 To4 6o1- T 4 7 8 2 9 1 7 10 2 22.0
6 8 3 3.9 4.2 7 4 8 2 9 1 8 10 2 1 3.4
6 8 & 1.9 13.1 T . s 2 9 1 9 10 2 2 1.1
6 3 s 1.9 2.3~ 7 . 8 2 9 110 10 2 3 .
: : ? 14,1 1401 '; ; : : 9 111 102 4 10.2
6 a 8 1 s 2 3 9 112 100 2 5 1.7
6.8 9 1 0 3 S e wo:r .
¢ sl 13 s 3 LR o 3 e i
10 2 9 .
s 812 15 8 3. 9 2 3 10 210 8.2
¢ : :‘ ; ; : : 9 2 & 10 211 4.4
6 9 7 s 8 3 ? 25 10 212 3.8
6 9 1 T s 8 3 : ; g :g ; 13 4;.6
.6
: : § ; 2 8 3 9 2 8 10 3 1 3.9
sy e [ : : 9 2 9 10 3 2 6.0
s 3 1 9 210 10 3 3 8.9
6 9 & 7 s 3 3 e 21 10 3 & 2.7
6 9 7 1 s s 3 9 212 10 3 5 13.8
OB L 8 3 9 213 10 3 & 1.4
638 1 8 3 9 214 10 3 7 7.1
6 910 7 e 8 ¢ 9 215 10 3 8 1s.9
6 911 1. s ¢ 931 10 03 9 12,4
6 912 1 6 8 4 9 3 3 10 310 3.5
iy ! 234 RTINS
¢ :g R T 6 8 993 & 10 313
$io 2 e H 338 o 4
4
6 10 3 T 6 8 & 9 3 9 :g 4 ;
: :g s T 6 8 & 9 3 2 10 & 3
el0s T 6 8. 4 9 310 10 4 4
el e T 6 8 9 311 10 4 5
1 ' Py
10 4 7
6 lg 9 17 8 4 9 314 10 4 8
H :o k‘: T 8 & 9 318 10 &4 9
6 10 12 T 7 8 5 9 4 1 10 410
e T s 5 9 4 2 10 411
en 17 [ 9 4.3 10 412
th & ' 143 i
10 1
611 3 T 7 8 5 9 4 6 10 5 2
611 4 17 8 5 9 4 7 10 5 3
611 S T 7 8 5 9 4 8 10 5 4
611 6 TT 8 5 9 4 9 10 5 s
eu 7 11 8 5 9 410 5.2 10 5 6
. :: : T 8 5 9 411 B los 10 5 7
P T [} 9 412 5.4 5.3 10 5 8
6 12 81 8 s 9 413 3.2 3.2 10 5 9
612 1 L 8 s 9 414 1.6 1.6 10 510
] Te 3 8 s 9 5 1 10.5 11.2- 10 511
612 3 L M a5 9 5 2 33.3 34.0 10 512
o2 T 8 6 9 5 3 13.6 13.8 10 &
1 s [ 8 & 9 5 & 8.1 8.6- 10 6 1
612 & 7 8 8 HI s r ot e
2 :; ? T 8 9 8 6 ? 5 1 4.7 5.2 10 & &
613 1 7 810 8 6 9 5 8 .5 b= 10 &6 5
FEHI ; : l; 8 & 9 5 9 2.0 2.1- 10 & &
H H 7e {’ 8 6 9 510 1.4 .8 10 6 7
] H L 8 6 9 511 .9 ol 10 6 8
4 N T e 2 8 6 9 512 o5 .8 10 6 9
4 H T e 3 s 8 9 5 13 3.0 2l8. 10 6 10
? 10 [ 8 6 9 & 1 8.1 1.6 10 611
7 12 ;75 s 8 6 9 6 2 7.4 T.6 10 ;
L 1y 8 6 9 &6 3 4.8 5.2 107 :
T 1 7 9 1 F 9 6 & 68 6.5, 10 2
711 T3 s g ! 9 6 5 1.5 1.7 10 ; 2
71 2 L4 9 6 & 4.6 5.5 = 0 M
[ L4 87 9 6 7 8.5 8.3 10 ; :
T 1o L 8 7 9 6 8 3.6 3.5- 10 H
TS 1 912 HE 3t o3 22 1
. .2
L 110t 8 7 9 611 2.8 2.9- 107 9
s 7 9 612 1.1 1.1- 10 8
T 108 710 3 8 7 9 613 .3 1.0~ 1o 8 1
T 1 9 710 &
7 110 3.3 32.7 71005 s 7 s 73 54 12 I
. . 8 T 9 T 2 2.0 2.5 . 10 8 3




W. R. KRIGBAUM, R.-J. ROE AND J. D. WOODS 1309
Table 1 (cont.)
HEK L FOBS FCAL EEL FOBS  FOAL KL FOBS reL EXL wes oL EXL rozs reaL
10 8 & 1.4 7.3 22 -4 5= 148 5.4 5.7 12 6 123 12.5- 12 3 1 S.1 5.1~
10 8 5 4.7 5.0- u 2 3 2.1 1.6 14 9 1.3 1.6~ 12 6 8.0 Teb- 12 3 8 8.1 8.0
10 8 6 2.3 2.3- 112 4 5.5 4e8- 11 410 1.5 7.5 12 s 7.4 7.0- 12 4 2.1 2.3
10 8 7 5.1 5.0 12 s 1.1 1.6~ 1S ) 1.0 1.2~ 12 1 8.9 9.1 12 & 1 [ %) 6.3
10 8 8 3.4 3.3- 26 -8 .7- s 2 2.5 2.6 12 11 3 3.9 12 & 2 1.9 2.1-
10 9 10.2 10.4~ n oz 3.3 3.2 15 3 10.2 10.1 12 1 2 1.2 1.2- 12 4 3 2.5 2.4
10 9 1 . .- n 2 4.4 46~ 1n s s 3.4 1.1 122 1) 4% 4.9- 12 4 4 3.8 3.9~
10 9 2 4.9 5.0~ 1 2z 9 4.9 4.9 i s 6 1.6 1.9~ 12 1 4 10.9 10.7 12 4 8 2.1 2.0~
10 9 3 2.7 3.3- 1 210 .7 s i s 7 3.0 2.8- 12 15 5.0 5.0~ 12 4 6 1.3 1.2~
10 9 4 6.4 Se7- 1oz .6 1.7 1 s 2 2.4 3.0- 12 1 6 1.9 1.2 12 6 1 at 3.2
[T A ar e %S s SR ¥ ¥i- e a0 - 23, % uit
1 4 13.7 13.3 1n 3 3 5.5 ba4- 1n e 2 - .- 12 1 9 2.1 2.5 12 5 3 3.3 s
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u 8 1.4 1.6 1 3 s 4ub 4.6 11 6 4 6e4 Sel= 12 2 2 2.7 2.8 12 5 8 5.2 5.1
1 10 2.7 3.0- i3 e 2.8 3.5 1 6 5 7 - 12 2 3 o7 6= 12 6 1.5 1.4-
1 12 6.3 64— n 37 1.6 1.1 1n 6 & 4.8 5.0 12 2 4 T.l 7.3 12 6 1 2.8 21—
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13 5.4 5.9- 1 310 -6 -6 u T2 1.4 1.2- 12 21 1.0 1.0- 13 2 3.8 rove
11 1 4 L) 543~ 1n 33n 3.2 3.0- 173 Se4 6.0 12 2 8 2.3 2.2 13 4 5.0 a7
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Table 2. Atomic coordinates* and temperature factors
x y z B B2 Bs3 By B3 B3
N 0-0947 0-2625 0:4071 3:-522 3-699 2-589 —0:690 0-301 —0-367
(o) —-0-0134 0-2215 0:3005 4-996 4-694 3-:209 —0-636 —0-230 —1-035
C 0-0067 0-2048 0:3687 3:206 3-175 3-028 —0-054 —0-169 —0-364
C(M) —0-0633 0-1200 0-4141 3:730 3-753 4-498 —0-927 0-214 —0-391
1) 0-1277 0-2390 0-4861 3-453 3-779 2-516 —0-828 0-488 —0-364
C(2) 0-2053 0-1526 0:5032 4-714 4-395 4-245 —-0-314 0-969 —0-783
C(3) 0-2344 0-1319 0-5804 5-800 6-043 5:676 —1:534 2-809 —2:113
C4) 0-1854 0-1968 0-6387 6:794 8:549 3-129 —3:494 1-884 —1-256
C(5) 0-1078 0-2826 06206 6589 8-:279 2-885 —2-041 —0-342 0:026
C(6) 0-0800 0-3044 0-5446 4-394 5789 3-115 —0-655 0-439 0-015
c1”) 0-1605 0-3483 0-3682 3412 3-447 2-186 —0-205 —0-010 —0-288
C(2) 0-1000 0-4394 0-3389 4-444 3-769 3-503 0-271 0-195 —0-375
C@3) 0-1639 0-5221 0-3011 6-503 3-709 3-618 —0-363 0-646 —0-499
c@é) 0-2885 0-5140 0-2929 6-196 4-937 3-724 —2-000 0-644 0127
C(5") 0-3490 0-4224 0-3215 4-042 5629 4-185 —1-255 0-495 0-285
C(6") 0-2850 0-3397 0-3591 3:659 4-456 3-720 0-056 0-556 —0-184
H(M)T —0-098 0-155 0:456
H(2M) —0-105 0-090 0-380
HGM) —0-016 0-059 0-426
H(2) 0:243 0-102 0-458
H(3) 0:294 0-065 0-594
H®4) 0-208 0-180 0-698
H(5) 0-070 0-333 0:666
H(6) 0-020 0-371 0-531
H(2") 0-003 0-446 0-346
H(3") 0-117 0-593 0-279
H(4") 0-338 0:578 0:264
H(5) 0-446 0-416 0-315
H(6) 0-332 0-269 0-382

* The coordinates are expressed as fractions of the unit cell edges.
+ The temperature factors for hydrogen could not be determined. During the final refinements they were assigned the same
temperature factors as the carbon atoms to which they were bonded.

sities of reflections having sin § < 0-40 were remeasured
with the second crystal, R became 0-169 after one cycle
of refinement. A test of computed absorption correc-
tions for 50 randomly selected reflections indicated an
average error of 3% in the structure factors, which we
felt could be neglected. Anisotropic temperature fac-
tors were then introduced, which reduced R to 0:113
after two cycles of refinement. A difference Fourier
synthesis, shown in slab projection down the y axis in
Fig.1, clearly showed all thirteen hydrogen atoms, thus
locating the three methyl hydrogens. Six of the most
intense reflections, 020, 212, 220, 022, 004, and 104

AC24B-3

still exhibited extinction effects, so these structure fac-
tors were assigned the calculated values, giving R=
0-106. Correction of some bookkeeping errors, and
five further cycles of refinement, led to the final value,
R=0-059, for the 2136 observed reflections. The ob-
served and calculated structure amplitudes appear in
Table 1. During the last two cycles the shifts in both
coordinates and temperature factors were so small that
further refinement appeared unwarranted. Fig.2 shows
a composite of electron density sections taken through
the atomic centers, and projected upon the xy
plane.
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Attempts were made to refine the hydrogen atom
positions, both by differential and by difference dif-
ferential syntheses. These were unsuccessful, despite
the fact that all of the hydrogen atoms appear to be
clearly resolved in the difference electron density
projection shown in Fig. 1.

Description of the structure

This structure is of interest because it bears some sim-
ilarity to the peptide portion of proteins, yet some dif-
ferences might be anticipated owing to the presence
of the two bulky phenyl groups, and the absence of
any possibility for hydrogen bonding. Table 2 gives
the atomic coordinates and temperature factors, while
the standard deviations in atomic positions, bond
angles and bond distances, as calculated according to
the method of Cruickshank (1949), appear in Table 3.
The intramolecular bond distances and angles are
shown in Fig.3.

Table 3.

(a) Estimated standard deviations in bond distances
N—C 0-0028 A C(5) -C(6) 0-0045 A
C—C(M) 0-0034 C(6) —-C(1) 0-0035

— 0-0028 C(1)-C2") 0-0031
N—C1) 0-0029 C(2")-C(3) 0-0038
N—C(19) 0-0027 . C(3)-C(4") 0-0041
C(1)-C(2) 0-0035 C(@4')-C(5) 0-0040
C(2)-C@3) 0-0042 C(5")-C(6") 0-0037
C(3)-C@4) 0-0048 C(6")-C(1) 0-0031
C(4)-C(5) 0-0051
(b) Estimated standard deviations in bond angles
N—C—C(M) 0-20° C(4) -C(5) -C(6) 0-:34°
O—C—C(M) 0-20 C(5)-C(6)-C(1) 0-28
N—C—oO 0-20 C(6) -C(1)-C(2) 022
C—N—C(1) 020 C(1)-C@2")-C@3) 024
C—N——C(1) 0-20 C(2)-C(3)-C@4") 025
C(1)-N—C(1") 020 C(3)-C(4"H-C(5") 0-27
C(1)-C(2)-C(3) 0-25 C(4)-C(5")-C(6) 0-25
C(2-C(3)-C@4) 0-30 C(5)-C(6")-C(1") 0-22
C(3-C(4)-C(5) 0-34 C(6)-C(1)-C(2’) 0-20

(c) Estimated standard deviations in atomic positions

N 0-0018 A C(5) 0-0036 A
o) 0-0018 C(6) 0-0027
C 0-0021 c(1’) 0-0020
C(M) 0-0027 Cc2) 0-0024
c) 0-0022 Cc@3’) 0-0029
C(2) 0-0027 Cc(4) 0-0029
C3) 0-0032 C(5) 0-0028
C(4) 0-0036 Cc(6) 0:0024

(d) Root-mean-square estimated standard deviations in elec-
tron density and its derivatives

Electron density 0-053 A-3

An 0-150 A-4
Ak 0-143 A4
A 0-146 A-4
Ark 0-351 A-S
Art 0-389 A-5
Ain 0-384 A-s
Ann 0-654 A-s
Axk 0-654 A-s
Au 0:639 A-5

THE CRYSTAL STRUCTURE OF N,N-DIPHENYLACETAMIDE

The acetyl portion for N,N-diphenylacetamide is
quite planar. The least-square plane for the atoms N,
O, C, and C(M), expressed in terms of fractional co-
ordinates, is:

0:6726x —0-6976y —0-2471z= —3:2496
and the displacements from this plane are:
N+0-0004; O+0-0005; C—0-0013; C(M)=0-0003 A .

The two benzene rings of N,N-diphenylacetamide are
also planar to within the experimental uncertainty. The
equation for the least-square plane for the primed ring
(nearest oxygen) is:

0-1308x+40-4749y +0-8702z=7-7658 ,
with displacements:
C(1')+0-0044; C(2")—0-0011; C(3')—0-0039;
C(4')+0-0056; C(5")—0-0023; C(6")—0-0027 A ,

while the equation of the unprimed ring carbon atoms
is:

0-7821x4-0-1619y —0-0670z=2-3290

with displacements:
C(1)—0-0028; C(2)—0-0021; C(3)+0-0035;
C(4) 0-0000; C(5)—0-0050; C(6)+0-0064 A .
As shown in Fig.3, the structure of the primed ring

is considerably more regular, the maximum variation
in bond distance being 0003 A for this ring, and

c(3) 1.386 cl4)

1.384 C4)

Fig.3. Intermolecular bond distances and angles in N,N-
diphenylacetamide.
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0-021 A for the umprimed ring. The structural param-
eters obtained for diphenylacetamide agree quite well
with the corresponding portions of the acetanilide
structure originally given by Brown & Corbridge
(1954), and recently refined by Brown (1966). As might
be expected, the latter refinement has substantially
improved the agreement between the two structures.
For example, the acetyl group became more nearly
planar (in agreement with the present structure), the
average aromatic bond distances for the two structures
now differ by only 0-002 A, and the average difference
for the other bonds was reduced from 0-021 A to
0-011 A. In only one case did the agreement of bond
distances become poorer. Refinement reduced the
C(1)-N bond length of acetanilide from 1:426 to
1-413 A, as compared with 1-441 A for C(1)-N and
1-433 A for C(1')-N in diphenylacetamide.

The bond angle of 118-8° at C(2) is one disturbing
irregularity in the diphenylacetamide structure. Since
the estimated standard deviation for this bond is only
0-25°, the departure from the expected 120° appears
to be statistically significant. On the other hand, sim-
ilar divergences are found in the refined acetanilide
structure, in which the aromatic bond angles range
from 119-0° to 121-7°.

In acetanilide the = electron interaction draws the
benzene ring to within 17-6° of the amide plane, re-
ducing the distance corresponding to C(2')-O in Fig.3
to 2-87 A. This results in considerable strain, as shown
by the displacement of that nitrogen atom 0-046 A
from the mean plane of the aromatic carbon atoms,
and by the expansion of the bond angle corresponding
to CNC(1") to 127-6°. On the other hand, Pederson &
Pederson (1965) report that the benzene ring of N-
methylacetanilide occupies the exo position trans to
oxygen, and is orthogonal to the amido plane. This
implies that the 7 electrons of a benzene ring in the
exo position are not favorably disposed for interaction,
and leads to the prediction that the primed ring of
N,N-diphenylacetamide should lie close to the amido
plane, while the unprimed ring should be orthogonal
to it. However, this is not the case. The observed
angles, 61-75° (primed ring) and 77-25° are both prob-
ably as small as the rather severe steric requirements
will permit. The equation of the least-squares plane
fitted to the atoms N, O, C(M), C(1), C4), C(1"), C4)
is:

0-6777x—0-6727y —0-2970z = — 3-5089 .

The displacements from this plane,

N —0-0076; O +0-0061; C +0-0016; C(M) —0-0653;
C(1) +0-:0244; C(4) +0-0125; C(1") —0-0139;
C(4") —0-0178 A;

suggest that there is some torsional distortion of the
molecule about the C-N bond which reduces the inter-
actions of C(M) and C(2), and O and C(2'). The fact
that the methyl group is not rotating is further evidence
for a strong interaction of C(M) and C(2).

A C24B - 3%
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The temperature coefficients shown in Table 3 indi-
cate that the thermal motion in the vicinity of the para
carbon atoms is large and anisotropic, as might be
expected for such an angular structure. The shortest
intermolecular distances are listed in Table 4. These
are mainly of the expected magnitude, with the excep-
tion of the rather small H(5)-H(4') distance of 2248 A.

Table 4. Intermolecular distances

(a) Distances less than 4-0 A involving atoms other than
hydrogen

N—C(4) 6* 3-815 A
0——C(3) 2 3-884
O0——C@) 2 3-616
0——C4) 7 3-687
o0——C(5) 7 3-386
O0——C(3") 3 3410
o0——C#") 6 3-525
O0——C(5) 8 3-554
O0——C(6") 8 3-819
Cc——C(3) 2 3-695
C—C#) 2 3734
C——C#) 6 3-480
C——-C(5) 6 3-849
C(M)-C(2) 5 3915
C(M)-C(3) 2 3-735
C(M)-C(3) 5 3-579
C(M)-C(4) 2 3-658
C(M)-C(5) 2 3-854
C(M)-C4) 6 3-897
C(M)-C(5") 6 3-718
C(4)—C(2") 7 3-946
C(4)—C(3") 7 3-864
C(4)—C4") 7 3-858
C(4)—C(5) 7 3913
C(4)—C(6") 7 3-990
C(5)—C(5") 2 3-905
C(5)—C(6') 2 3-865
C(2) -C(5) 8 3-920
(b) Distances less than 3:0 A involving hydrogen atoms
O0——H(5) 7 2:586 A
O——H(3") 3 2-:367
O——H#) 6 2-670
C-—H@#) 6 2923
C(4')-H(4) 7 2:994
C(5)-H(4) 7 2915
C(6")-H(4) 7 2-921
HQM)-H(3) 5 2-835
HQ2M)-H(3") 3 2-753
HQRM)-H(5) 6 2-957
HGM)-HGM) 5 2:950
HQGM)-H(S") 6 2:694
H@3)—H(Q2") 2 2:528
H(5)—H(2") 5 2795
H(5)—H(@3") 5 2438
H(5)—H#) 4 2-248
H(2")—H(5") 8 2-876
H(3)—H(6") 6 2-829

* Symmetry code

1.x,5, 2
2.34+x,4—y,2
3. x, %+y, %_Z
4. 5—x,5,%+z
5.% 5,2

6.3—x,4+y,z
7. x, é"—ya é+z
8.%+x,y,%—2
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Hydrogen Atom Positions in Manganous Formate Dihydrate and a Rerefinement
of Copper Formate Dihydrate

By M.1.KAyY, 1. ALMODOVAR AND S.F.KAPLAN

Puerto Rico Nuclear Center,* Mayaguez, Puerto Rico

(Received 31 May 1967 and in revised form 26 October 1967)

Three zones of neutron diffraction data were obtained for Mn(HCO,),.2H,0 and the positions of the
hydrogen atoms determined. The hydrogen bonding scheme proposed by Osaki, Nakai and Watanabe
was found to be correct. The crystal structure of copper formate dihydrate was rerefined by means
of the method of least squares. Some changes in bond distances were noted.

Introduction

Manganous formate dihydrate, Mn(HCO,),.2H,0, is
representative of a large number of more or less iso-
structural formate dihydrates having bivalent cations
of similar ionic radius. The space group of these com-
pounds is P2,/c. There are four formula weights per
unit cell with two independent metal ions in two kinds
of twofold special positions and two independent for-
mate ions and water molecules in the fourfold general
positions. The structures of the Mg, Zn, and Mn salts
have been determined by Osaki, Nakai & Watanabe
(1963, 1964; hereafter referred to as ONW), the Ni
salt by Krogman & Mattes (1963), and the Cu salt by
Bukowska-Strzyzewska (1965; BS). The Cd and Fe
salts (Hoy, Barros, Barros & Friedberg, 1965) are also
known to be of similar structure. Since these com-
pounds have important magnetic properties (Abe &
Matsura, 1964; Abe, Morigaki, Matsura, Torii &
Yamagata, 1964; Abe & Torii, 1965; Hoy et al., 1965),
and Cohen, Friedberg & Wagner (1964), it was de-
cided to determine the hydrogen positions in at least
one of them to permit a better correlation of structure
with other properties, particularly proton magnetic
resonance spectra. The chemical binding, and its rela-
tionship to different degrees of hydration of the copper
salt, is also of interest in its own right.

* Work carried out under the auspices of the U.S. Atomic
Energy Commission. o

The structure of copper formate tetrahydrate was
determined by Kiriyama, Ibamato & Matsuo (1954)
and refined with neutron data by Okada, Kay, Cromer
& Almodovar (1966), who found layers of copper
formate alternating with layers of water containing
disordered hydrogen atoms. The dihydrate structures
are characterized by (100) layers of metal formate
similar to the (001) layers of the P2,/a tetrahydrate,
with the metal atoms at 0,0,0 and 0,%,%. In the second
layer near x =4, however, there is a second set of metal
ions at %,%,0 and 3,0,4, connected to the first set by
a formate group and also connected to four water
oxygen atoms which complete a coordination octa-
hedron. That is, the metal ions of the first set at x=0
are each surrounded by an octahedron of six formate
oxygens while those of the second set at x=4 are each
surrounded by an octahedron of two formate oxygen
atomsand four water oxygenatoms. Themetalatoms and
formate groups thus form a three-dimensional network,
in contrast to the two-dimensional system found in the
tetrahydrate. All metal atoms are on symmetry centers.
A stereoscopic view of the structure is given in Fig. 1.

The present work is concerned with the determina-
tion of the hydrogen positions in manganous formate
dihydrate and a rerefinement of the structure of copper
formate dihydrate. BS found large differences in the
C-O distances in the latter compound which she as-
cribed to differences in Cu-O distances which in turn
cause one C-O bond to have considerably more double-
bond character than the other. This effect was not ob-



