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tions, particularly of the type 00!, there existed the
possibility that the observed characteristic extinctions
were fortuitous. Therefore refinements were also
performed in space groups P2; and Pb. In both cases
the refinement converged to the same positional
parameters and temperature factors as for P2,/b.
In addition the general set in both these non-centric
space groups is twofold, two such sets being oc-
cupied by nickel and two by yttrium. The Busing,
Martin & Levy program generates a correlation
matrix during the refinement procedure. In both
space groups this correlation matrix indicated correla-
tion probabilities of 90-999% between twofold sets
containing the same atomic species, and thus the
correlation indicates a relationship which generates
the fourfold sets of P2,/b.

Discussion

The YNi structure is closely related to the ortho-
rhombic ThNi structure (Florio, Baenziger & Rundle,
1956). The structural relationship can be shown by
choosing a double unit cell for YNi with ¢ = 1428,
b=4-11, and ¢=5-50 A. Then in comparison the ThNi
lattice parameters are a«=14-15, b=4-31, and c¢=
573 A. The atoms are arranged in this large YNi
unit cell in two sets of the type + (zyz; ++=z, ¥, $—2;
itz y,2; $+2,y, 1 —2) with 25;=0-019, yni=0-245,
zni=0622 and xy=0-090, yy=0-249, 2y=0-132. Again
in comparison the atoms in the ThNi structure are
in two sets of the type + (xyz; L+, ¥, 2; i+, ¥, $—2;
242, y, 1 —2) with n;=0-018, yn;=0-250, 2x;=0-630
and xrn=0094, yrn=0-250, 2pn=0-140. Thus a defi-
nite structural relationship is evident, the primary
difference being in the sequence of the z parameters.
A second significant difference is in symmetry with
the Jower symmetry of YNi resulting from the failure
of the atoms to occupy the y=1 positions.
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This failure of the yttrium and nickel atoms to
occupy the } and £ positions along the short axis
is the only structural feature which differentiates the
YNi structure from the B27 type structure (Pearson,
1958) typified by FeB (Bjurstr6m & Arnfelt, 1929;
Bjurstrém, 1933). Otherwise, the positional parameters
and axial ratios of YNi are quite comparable to known
B27 structures, and for classification purposes YNi
should be included with this latter group.

The authors are indebted to Mr B.J. Beaudry for
pertinent discussions relative to the original investiga-
tion and for allowing examination of the diffraction
patterns used in the original symmetry determination.
Acknowledgment is also due to Mr R. N. Kniseley
for performing the electron probe microanalysis.
One of the authors (D. A. H.) takes this opportunity
to thank the United States Steel Fellowship Founda-
tion for its support during the course of this investiga-
tion.
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The Crystal Structure of the a-Modification of p-Nitrophenol near 90 °K

By Pririe CoppENS AND G. M. J. ScEMIDT
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The crystal structure of the « modification of p-nitrophenol near 90 °K has been determined by the
use of partial three-dimensional data. The cell dimensions are ¢ = 1166, b = 8-78, ¢ = 6:098 A,
p=107° 32’. The space group is P2,/n and Z =4. The crystals contain chains of hydrogen-bonded
molecules. The benzene ring is planar but the nitrogen and oxygen atoms are displaced from the
benzene-ring plane by amounts varying from 0-03-0-07 A.

Introduction

The structure analysis of the « modification of
p-nitrophenol (I), started in 1957 and reported in this
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paper, forms part of a research program on the
chemistry of the solid state (Schmidt, 1957). The
reaction occurring on irradiation of the x modification
of p-nitrophenol manifests itself in the irreversible
color change of the crystal from yellow to red; it is
evidently structure dependent since the A-form is
light stable as was first observed by Fritzsche (1859),
and checked by us.

The room-temperature structure of the f modifica-
tion will be described in a subsequent publication.

Experimental

Crystals of the & form can be grown by slow evapora-
tion of solutions of p-nitrophenol in diethyl ether.
The crystallographic constants near 300 and 90 °K
are listed in Table 1. The cell dimensions compare
well with previously reported room temperature values
(Toussaint, 1954).

Table 1. Crystallographic constants of x-p-nitrophenol

At room temperature

(Toussaint, 1954) Near 90 °K*

a = 11-8A4 a = 11-66 A
b = 89 b = 878
¢c = 617 ¢ = 6098
B = 106° 52’ B = 107° 32’
P2,/n P2,/n

de

151 g.em™ (Z = 4) de

* Cell dimensions determined from Weissenberg photo-
graphs, corrected for film shrinkage. Cell edges +0-1%, f+6".

1-551 g.em™3 (Z = 4)

The hk0 and k3 intensities were measured on a
needle-shaped crystal of cross section 0-4x0-4 mm;
for the %0l intensities we used a cube-shaped crystal,
with an edge of about 0-3 mm, which had been cut
by means of an alcohol-wetted nylon thread. All
intensities were recorded at the temperature of boiling
nitrogen with an equi-inclination Weissenberg camera
(Hirshfeld & Schmidt, 1956) and Ni-filtered Cu K
radiation. Intensities, measured visually, ranged from
28,000—1 for AkO, 10,000—1 for AO0I, and 2,000—1
for Ak3. All usual corrections were applied by means
of a computer program; no allowance was made for
absorption. Approximate values of the scale factor k
and of an average temperature factor were obtained
from a Wilson plot (Wilson, 1942).
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Solution of the structure

The [2k0] zone was solved (Coppens, Schmidt & Gillis,
1958) by means of the inequality (Harker & Kasper,
1948)

(UuxUu)?<(1+Unsn).(1£Ug-n). (1)
The origin of the projection was fixed by the arbitrary
assignment of signs to two reflections with ~ odd and
k odd respectively. Systematic application of the
inequality (1) by a procedure due to Gillis (1948)
led to contradictions which could be eliminated by a
20% reduction of the scale factor k. Subsequently,
the signs of seven reflections were established abso-
lutely; the signs of eleven other reflections could be
expressed relative to each other. Two electron-density
projections g(xy) were computed with these twenty
reflections; one of these maps could be interpreted
and yielded trial coordinates whose correctness was
established by the eventual refinement.

We may note here that unitary structure factors U
were recalculated with the final scale and temperature
factors. Somewhat surprisingly, their correct values
are about half those used in the solution of the
structure; the inequalities are now found to be nearly
always satisfied by both signs, frequently with a
narrower margin by the wrong sign (e.g. the example
given below). Nevertheless, only one out of the eighteen
signs determined with the old U’s proves to be
incorrect. A similar experience has been recorded by
Gillis (1948) who noted that the inequalities method
had reserves of power in the sense that stronger
inequalities than those used were in fact satisfied.
He found that, if both signs satisfied an inequality,
one by a comfortable margin and the other by a
relatively narrow margin, the former sign was almost
always the correct one.

An example of a sign determination is given below:

|Us10]=0-35; |Usoo]=0-70; |Ugzo|=0-10
(Uso—Uggp)2 < (1— Usoo)(1— U()zo) since Ugo= — U4j(,

or 049 < (l—Ugoo)X 1-1 or (1— Us()o) > 0-45 which
is only satisfied if Usggo is negative. (We have assumed
U to be negative, thus choosing the less stringent
condition. If Ugp is taken as positive we get
(1—Usoo) = 0-53, which is a more powerful result.)
The final values are however: |Ujio|=0-17; |Uggo| =

Table 2. Refinement of the structure

Level 1007

Sepafate level refinement hk0 4-64
hk3 3-04

ROl 3-62

Refinement of all data — 3-47

Number of reflections

Resulting
ZwA%n—s wo Observed  Unobserved
0-71 1-0 122 6
0-81 1-0 174 20
0-58 1-25 77 10
0-76 — 358* 35*

w=weight assumed to be equal to w,/F,?, in which w, is a constant for each level; A4=%k2F 22— F,2;
n=number of reflections; s=number of parameters.

* These numbers are smaller than the sum of the corresponding values for the separate levels, since the reflections common

to two levels were included only once in the refinement.
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Table 3. Observed and calculated structure factors
Sign < indicates unobserved reflection

hoz 1 W0 F, 10QF, hx 1 LB A 3 h ok 1 1w, 10 hk 2 wor, 107
020 132 =1290 3 1249 1269 7 8 -28 [} <u9 -1
L) 313 L5609 & 133 1297 8 8g T80 3 187 1%
6 37 T8 5 965 826 nuilo 1388 12 2 uee 985
b 30 320 6 u9 87 2 Bh «179 1 1291 ~1243
10 535 =561 7 1513 ~1800 3 235 157 [ 72 a7
110 1857 -1387 8 439 L 439 386 «1 1222 19
2 3560 9 198 «185 5 - 185 -2 1763 «2639
3 1526 1596 10 637 6 4 an :E 257 1993
13 463 k85 610 1041 7 <7 67 3206 ~3292
5 2500 ~2783 2 1487 1582 210 28 23 -5 1056 985
6 -2k 3 -1264 2 205 -180 3 857 =79
7 857 18BN 4 2 953 3 2T -2 -7 s 1308
b -39 5 W7 130 L 763 ~70 -8 518 493
9 82 6 1589 1353 5 3 =60 -9 84 230
10 829 -816 7 1054 -1008 6 195 175 ~10 1B 1799
n 585 =602 8 86 ~T8 13 1o 136 m -1 2262 < 1]
210 B -105 9 162 us 2 A3 L 103 3 172 -173
2 su25 =8935 10 ¥ 387 3 aa 2 9 22 226
3 -729 710 T90 76 L Lo6 =366 8 Th2 -T35
b i3 =366 2 uoer -1083 10 198 -89 7 608 =76
5 1748 -1832 3 3680 3% 2 195 =172 6 254 =185
6 ~1866 L 218 =262 n 13 181 185 5 397 2n
7 1926 -1900 5 235 1947 10 k72 493 [ 1090 980
8 387 370 3 792 9 «260 3 855 T86
9 125 129 T 790 =740 8 LTl Loz 2 pav. ) -995
10 < -18 8 687 =617 7 1589 «1510 1 1319 1221
n 743 1716 9 24 6 1304 «1326 [ 285 274
3lo 608 557 810 39%6 350 5 L3 =353 =X 582 529
2 636 801 2 1483 b N2 23 -2 s 0o
3 604 -638 3 1272 -1208 3 5 651 -3 1330 nre
4 535 553 s 1437 ~1267 2 168 -175 -4 18 =109
5 496 =482 5 643 2439 1 172 «126 -5 973 ~B2k
6 998 =928 6 1282 1164 ] 120 1186 -6 1705 1658
7 129 -135 1 866 ~768 -1 181 -3 -7 480 k2t
8 228 203 8 6% -sk2 -2 282 325 -8 1350 1359
9 w82 ~ub8 9 416 3 -3 674 624 -9 13 164
1o 387 413 9510 9 1121 -4 -631 -10 1645 -1781
n <54 =33 2 459 b1 -5 1506 -1379 -1 362 L8
L 10 300 3525 3 -2809 -6 683 =599 1o 4 3 282 -20L
2 555 ~512 'Y 690 602 -7 <8 9 637 605
3 5 832 -8 726 70+ 8 120 151
L 1450 1463 6 1513 1307 -9 <129 7 245 s
H 209 7 ~106 -10 u3% -176 6 1856 -1905
6 264 -254 8 463 %73 n a3 29 -212 5 1636 163
7 287 92 lolo0 T40 2% 10 12 -139 b <132 89
8 152 126 2 1982 1861 9 LsT koL 3 226 163
9 545 545 3 1738 -1596 8 691 2 <119 34
10 122 Lo 4 28 -102 7 mL -1026 1 1259 =111
510 3 -296 H 3a 283 6 <13k =76 ] 887 912
2 ko 6 9 105 5 557 533 -1 196 =u5
h x 1 WwF  WF hok o1 W0 F, 10 F, h k1 WO, W F h k 1 WF 10 F,
-2 3219 3591 -10 u68 372 [ 650 -684 . L <32 6
-3 Sl -906 -1 434 L19 -1e 17 u8 7 0-7 652 -661
-l <110 -83 8173 27 287 -2 877 88 -5 892 2812
-5 1270 un 7 1255 -n75 -3 621 ~651 -3 18 =321
-6 <12 -1L0 6 <107 -4 she =550 -1 4058 3892
-7 1039 2067 5 475 =537 =5 58 520 1 3k ~376
-8 267 13 1240 -1288 002 21 -2 3 269 253
-9 809 -832 3 238 -3 1264 -1219 5 234 =204
-10 6L =535 2 827 -80L 6 19 =657 8 0-6 <3@ 62
Py 607 =5kk 1 <137 -2 10-7 945 -8Lo -4 LobT7 3870
-2 1617 -1380 [ 690 -723 -5 199 -199 -2 <288 97
8-5 3 366 398 -1 736 729 -3 a8 6265 [ 350k -3612
7 607 668 -2 1797 1913 -1 1854 -1690 2 1027 -116
6 386 410 -3 2951 3222 1 4328 -3947 4 515 566
5 k2 1512 -l 723 721 3 2257 - 9 0-7 389 b22
L 1028 975 -5 <135 10 5 -869 -5 20 205
3 <132 -9 -6 1 ns T <19% -0 -3 3670 -3615
2 752 -7 L 3719 2 0-6 722 -805 -1 1090 -1l
1 800 =810 -8 <123 -T2 -4 1435 -161 1 610 593
] Q9 ~1024 -9 539 =557 -2 2112 2712 3 535 508
-1 2865 ~3143 -10 194 214 0 1647 1778 10 0-6 886 -900
-2 358 =341 6 6 3 645 586 2 1623 <1577 b 695 Tk
-3 150 28 5 <% 88 N 1264 1194 -2 «328 =133
-b -1208 4 196 25 6 689 =697 0 < 67 -81
-5 180 =52 3 236 -7 3 0-7 8oz 720 2 328 -30+
-6 ks =386 2 338 33N -5 647 -606 L <lb 1
-7 [8Y] u60 1 131 -3 1538 1548 1 o0-5 919 939
-8 520 513 [ 291 318 23 3a8 2991 -3 <328 12
-9 632 =708 -1 245 220 1 2162 -2689 -1 762 830
-10 <132 31 -2 892 895 3 -327 1 861 &9
-1 248 =245 -3 358 =380 329 =308 6 654
9 6 3 328 =382 <k 129 -1 L 0-6 1217 1291 12 0.6 793 ok
8 1996 1784 -5 564 5 -4 814 191 -k 359 =349
7 153 <1632 -6 313 ki< -2 913 917 -2 82 869
6 222 150 -7 579 -564 o a1 -192 [ 172
5 656 652 -8 <103 -23 2 8U6 8271 2 1291 1512
b 252 293 -9 163 =165 4 864 867 13 0=5 <200
3 348 =316 393 291 313 6 2458 2258 =3 38 =323
2 no 1042 2 453 L62 5 0-7 6o 639 -1l 95 -20k
1 22 169 1 <107 -3 =5 Ly 455 1 1336 -1615
[ 1625 «1598 [ 223 235 -3 523 493 PUS . I 617
-1 1380 1373 -1 W37 -1L70 -1 3026 2966 -2 1070 107
-2 <13 «98 -2 1245 1 <234 61 ] 68 -496
-3 16k, -1660 -3 891 972 3 1354 1326
136 -1168 -k 1026 -1100 5 1913 ~1857
-5 ~13% -9 -5 1247 ~1299 6 0-6 81
-6 137 122 -6 94 -767 -4 729 677
-7 806 75 -7 324 283 -2 229 220
-8 423 319 -8 1 «765 [ 210 2Bt

7
-9 <128 126 110 3 390 Lob 2 2559 2515
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0:36; |Uoeo| =0-05; now both signs of Usgo satisfy the
inequality, though with different margins.

According to the (A£0) projection the long molecular
axis of the molecule near (0, 0) lies roughly parallel
to either [111] or [111]. Approximate z coordinates
for both orientations were derived from packing
considerations and tested by structure-factor calcula-
tions; of the two models the former was found to
correspond to the correct orientation.

Refinement

Details of our refinement procedure have been given
in a previous publication (Coppens & Schmidt, 1964).
The scattering factors employed were those given by
Hoerni & Ibers (1954) for C, by Berghuis, Haanappel,
Potters, Loopstra, MacGillavry & Veenendaal (1955)
for N and O, and by McWeeny (1952) for H. Un-
observed reflections were assigned a threshold value
F'; based on the lowest intensity readings and only
included in the refinement when |F¢|>k#,. The three
levels were first refined separately, initially with
isotropic, later with anisotropic temperature para-
meters of all but the hydrogen atoms. When these
refinements had been completed the levels were
merged, and the residuals used to estimate the
relative accuracy of the levels (Coppens & Schmidt,
1964). Numerical details are given in Table 2.
Refinement of all data was continued until the
shifts in positional and thermal parameters were
random and less than a fifth of the estimated standard
deviations of these parameters. 360 reflections
(358 observed reflections + 2 unobserved reflections

Table 4. Final fractional coordinates of «-p-nitrophenol

Heavy atoms*

with |F¢| > kF';) were used to determine 113 parameters
(3 scale factors, 45 positional and 65 thermal para-
meters).

Observed and calculated structure factors are listed
in Table 3; final coordinates and temperature factors
are given in Tables 4 and 5.

Table 5. Temperature factors*

ﬁll ﬁ?? ﬂ33 1312 ﬂ23 ﬁ13
O(1) 00052 0-0070 0-0132 —0-0029 —0-0031 0-0087
0(2) 0-0044 0-0058 0-0192 —0-0033 —0-0070 0-0061
0(3) 0:0044 0-0054 0-0199 —0-0008  0-0008 0-0097
N 0-0033 0-0044 0-0135 —0-0008 —0-0023 0-0042
C(1) 00031 0-0040 0-0115 0-0002 —0-0011 0-0035
C(2) 00036 0-0045 0-0098  0-0009 —0-0010 0-0030
C(3)  0-0040 0-0047 0-0137 —0-0006 —0-0001 0-0021
C(4) 0-0037 0-0044 00144 00003 00025 0-0058
C(3) 00039 0-0052 00087  0-0020 —0-0000 0-0037
C(6) 00035 0-0042 0-0134  0-0005  0-0022 0-0014
B
H(0) 31
H(2) —06
H(3) —13
H(5) —06
H(6) 0-4

* The temperature factors § and B are respectively the
coefficients in the expressions exp [ — (f;,A%+ Book?+ Byl +
Brohk + Pogkl + Bi3hI)] and exp [ — (B sin? 0/22)].

in 8
l—Tasm

Atom z Yy z a(x) a(y) a(z)
O(1) —0-0586 0-2931 0-8930 0-0003 0-0004 0-0006
0O(2) —0-0864 0-1267 0-6215 0-0003 0-0004 0-0006
0(3) 0-3188 0-5238 0-4370 0-0003 0-0004 0-0006
N —0-0350 0-2409 0-7240 0-0003 0-0005 0-0007
C(1) 0-0554 0-3144 0-6431 0-0003 0-0005 0-0008
C(2) 0-1138 0-4413 0-7612 0-0003 0-0005 0-0007
C(3) 0-2013 0-5104 0-6860 0-0004 0-0005 0-0008
C(4) 0-2298 0-4526 0-4971 0-0004 0-0005 0-0008
C(5) 0-1689 0-3267 0-3777 0-0003 0-0005 0-0007
C(6) 0-0800 0-2580 0-4503 0-0003 0-0005 0-0009
Hydrogen atoms*

Atom Observed Calculatedt

H(O) 0-3354 0-4891 0-3614 0-3524 0-4704 0-3250
H(2) 0-0934 0-4851 0-8816 0-0911 0-4849 0-9089
H(3) 0-2413 0-6095 0-7768 0-2478 0-6097 0-7742
H(5) 0-1868 0-2924 0-2487 0-1911 0-2832 0-2295
H(6) 0-0434 0-1597 0-3674 0:0305 0-1618 0-3581

* For the numbering of the heavy atoms see Figs. 2 and 3.

H(O) is the hydroxylic hydrogen; H(n) is the hydrogen atom
bonded to C(n).

1 Calculated assuming the aromatic HC=1-08 A, bisecting
the angle between the adjacent C—C bonds, and the hydroxylie
hydrogen at 1-00 A from O(3) towards the acceptor atom O(2).

AC18 —5

Fig. 1. Eloctron density projections. Contours each 1 e.A2,
lowest contour at 2 e.A~2. (a) Projection along [001].
(b) Projection along [010].
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Final overall agreement factors are

r=2w(keF?— F2)2/| YwkiF =359,
and
R=2(|kFo—F||)/XkF,=839 .

For 6 reflections 2|F.| < kF,, while for 2 out of the total
35 unobserved reflections F.>kF;. Electron density
projections and packing diagrams along [001] and
[010] are shown in Figs.1 and 2.

[—-asinﬁ [ I

cw
o(3)

Fig. 2. Packing diagrams,
(a) seen along [001], (b) seen along [010].

Discussion
Packing arrangement

The structure contains infinite chains of glide-plane
related molecules linked together by hydrogen bonds.
The angle between the benzene-ring planes of adjacent
molecules in a chain is 74°.

Every molecule is faced by a second one at a distance
of 3-33 A and related to it by a center of symmetry.
Additional van der Waals contacts are made with
twelve other molecules. Eleven of these are listed in
Table 6; the two others are at z,y,2—1 and }+uz,
$—v,2+3%. Distances to these two molecules are
identical with those to molecules I and III given in
Table 6. The molecule at %, 7,7 is at a somewhat
larger distance, the shortest interatomic vector to it
being 3-96 A (0(2)-0(2)).

Molecular structure

The benzene ring is planar, but the nitro group and
the hydroxylic oxygen atom are displaced from the
plane of the ring (Table 7). Such deviations from
planarity are quite common in substituted aromatic
molecules, as for example in benzoic acid (Sim,

Table 6. Intermolecular distances (A)

Distances are given between reference molecule of which
the atomic coordinates are listed in Table 4 and surrounding
molecules
Distances involving hydrogen atoms are based on calculated
hydrogen coordinates given in Table 4

I) z, Y, 142 (VII) zZ,1—y, 1—2
(I1) z—3%, t—y, t+2 (VIIT} -2, $+y, 3—2
(IIT) z—%, b—y, z—4 (IX) -2, 34+y, 13—2
(IV) £+x! %-%2—% (X) i_x’ y"ér %—2
(V) Z, Y, 1-2 (XI) -z, y—14, -2
(VI) z,1-y, 22

Distances Distances
between heavy atoms: involving hydrogen atoms:

(<35 4) (<3 4)
O(1)C(5)(T) 3-33 O(1)H(6)(1) 2-95
O(1)C(6)(I) 3-31 H(2)H(5)(I) 2-63
O(1)C(4)(II) 3-47 O(2)H(0)(IX) 1-82%
O(1)C(5)(11) 3-31 O(2)H(5)(1I) 2-96
O(2)C(3)(11I) 3-26 O(1)H(5)(1I) 2-86
0O(3)0(1)(IV) 317 O(1)H(O)(II) 2-52
0O(3)0(2)(IV) 2-82% NH(O)(1I) 2-45
0(2)C(6)(V) 3-41 O(2)H(6)(V) 2-61
O(1)C(2)(VI) 3-33 O(1)H(2)(VI) 2-38
0(3)0(1)(VII) 3-48 H(2)H(2)(VI) 269
O(1)C(4)(VII) 3-43 O(3)H(5)(VIII) 2-48
NC(3)(VII) 3-44 H(3)H(6)(IX) 2-90
C(2)C(1)(VII) 341 H(5)H(0)(X) 2-79
C(3)C(1)(VII) 3-42 H(6)H(0)(X) 2-62
C(6)C(2)(VII) 3-46 C(6)H(3)(XI) 2-55
O(3)C(5)(VIII) 3:31 C(5)H(3)(XI) 2-80
O(3)N(IX) 3-33 C(1)H(3}(XI) 2-83

* Hydrogen bond.

Table 7

Equations of planes

Benzene-ring: 6-23402 — 5-2864y 4 2:46672— 0:2570=0
Nitro-group: 6-41542— 5-1074y +2:47342—0-3358=0

Angle between the two planes: 1° 32’
The benzene ring plane is derived according to
Schomaker, Waser, Marsh & Bergman (1959)

Out-of-plane displacements

From From
Atom  benzene ring Atom  benzene ring
o(1) 0-031 & H(2) —006 A
0(2) 0-068 H(3) —0-06
0O(3) 0-039 H(5) —0-02
N 0-037 H(6) 0-07
C(1) 0-013 From NO,
C(2) —0-003 C(1) 0-013
C(3) —0-008
C(4) 0-009
C(5) 0-001
C(6) —0-011
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Robertson & Goodwin, 1955), p-dinitrobenzene
(Abrahams, 1950), m-dinitrobenzene (Trotter, 1961)
and nicotinic acid (Wright & King, 1953). Larger
deviations from planarity are observed in the other
modification of p-nitrophenol (Coppens & Schmidt,
1965).

The intramolecular distances and angles are shown
in Fig. 3. The average standard deviation in the bond
lengths is 0-006 A, while the average standard devia-
tion in the angles is 0-4°. The distances between the
heavy atoms are all compatible with values recorded
in the literature, and equal within the experimental
errors with corresponding distances in the § form of
p-nitrophenol. We shall discuss these dimensions in
the paper on the structure of the # modification.

Fig. 3. Bond lengths and angles. Average standard deviation
in bond lengths 0-006 A, in angles 0-4°.

Hydrogen temperature factors

The fact that three out of five hydrogen ‘tempera-
ture factors’ are negative (Table 5) deserves some
comment. The errors in these parameters are very
large, but the negative sign indicates that the electron
density is more concentrated in the bonded atom
than in the free atom from which the f curve is
derived. This is in agreement with recent calculations
of the scattering factor of a hydrogen atom in a
hydrogen molecule (Ilijima & Bonham, 1963). Nega-
tive temperature factors for the hydrogen atoms
have been observed in other low-temperature struc-
tures (e.g. Hirshfeld, Sandler & Schmidt, 1963).
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