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Abstract. C9H9NO3, orthorhombic, Fdd2, a = 
10.845 (9), b = 30.204 (7), c = 10.575 (4) /~,, V = 
3464 /I,3, Dx = 1.378, D m = 1.36 Mg m -3 (by 
flotation), Z = 16. The final R = 0.064 for 799 
reflexions and 118 variables. The molecules are inter- 
bonded by hydrogen bonds through the O(1) of the 
carboxyl group and O(3 I) of the acetamide group 
forming chains on alternating planes approximately 
parallel to (301) and (301). 

Introduction. The strong triboluminescence (TL) of N- 
acetylanthranilic acid and of many other compounds 
was observed by Zink, Hardy & Sutton (1976). From 
their experience they suggest that the presence or 
absence of TL is probably a function of the crystal 
structure. The crystal structure determination of the 
title compound was undertaken to provide the 
necessary information needed to test such a possibility. 

N-Acetylanthranilic acid was obtained by refluxing 
anthranilic acid and acetic anhydride with subsequent 
hydrolysis. Colorless platelets of single crystals with 
melting point 461-462 K were obtained by recrystal- 
lization from a solution of acetic acid and water. The b 
direction is perpendicular and the a and c directions are 
parallel to the fiat surface of the platelets. The optical 
study was carried out on a polarizing microscope and 
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the refractive indices, determined by the immersion 
method, are: 

n,, = 1.449 2V = 30 ° 
n~ = 1.726 optical character = biaxial ( - )  
n v = 1.775 birefringency = a - ~, = 0.32, 

where the a, fl and ), directions correspond respectively 
to the crystal b, a and c directions. Intensities were 
measured at room temperature on an Enraf-Nonius  
CAD-4 diffractometer with the 0--20 scan technique up 
to O = 75 °, using graphite-monochromatized Cu Ka 
radiation and a scintillation counter. Systematic ab- 
sences were found when the following conditions were 
not obeyed: hkh h + k, k + / ,  (l + h) = even; Okh k + l 
= 4n (k,l = 2n); hOl: l + h = 4n (l,h = 2n); hk0: h,k = 
2n; h00" h = 4n; 0k0: k = 4n; 00l: l = 4n, from which 
the space group Fdd2 was inferred. Of the 866 
measured independent reflections, 799 with I > 3a(I )  
were considered as observed, where tr(1) is the 
standard deviation of the intensity on the basis of 
counting statistics. As the crystal used was a triangular 
platelet with a largest dimension of 0.3 mm, ~ = 0.888 
mm -l, no absorption or extinction correction was 
made. The structure was solved with M U L T A N  
(Germain, Main & Woolfson, 1971). Scattering factors 
were from Cromer & Waber (1974) for C, O, N and H. 
The coordinates of all atoms, except hydrogens, and 
the respective anisotropic temperature factors were 
refined by full-matrix least-squares minimization of 
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Y w(F o - F c )  2 with constant unit weight for all reflec- 
tions up to an R (=  Y [IFol -- IFcI[/Y IFol) equal to 
0.100. The coordinates of the hydrogens of the benzene 
ring and of the carboxyl and acetamide groups were 
calculated assuming trigonal geometry and X--H = 
1.00 A; they were assigned the thermal parameters of 
the atoms to which they are attached. The H atoms 
were included in the calculations but not refined, giving 
a final R = 0.071 for all reflections and R = 0.064 for 
the observed reflections only. A difference Fourier map 
was calculated to locate the methyl H atoms, but no 
significant peaks were found. Final positional param- 
eters are listed in Table 1;* intramolecular bond 
lengths and angles are shown respectively in Figs. 1 and 
2. 

All atoms, except the methyl hydrogens lie on three 
planes whose equations, of the form A X  + B Y + CZ = 

Fig. 2. Interatomic bond angles (o) for N-acetylanthranilic acid 
with their e.s.d.'s in parentheses. 

* Lists of structure factors, H atom positional parameters and 
thermal parameters have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 34838 (7 
pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

Table 1. Fractional atomic coordinates (x 10 4) with 
their e.s.d.'s in parentheses 

x y z 
O(1) 650 (5) 794 (1) 6252 (1) 
0(2) 1138 (5) 1372 (1) 5052 (5) 
0(3) 2531 (5) 1207 (2) 668 (4) 
N 1902 (5) 1216 (2) 2712 (5) 
C(1) 1424 (5) 640 (2) 4232 (5) 
C(2) 1369 (6) 191 (2) 4554 (6) 
C(3) 1666 (6) -137 (2) 3698 (6) 
C(4) 2010 (6) -13 (2) 2482 (6) 
C(5) 2092 (6) 427 (2) 2139 (6) 
C(6) 1812 (6) 759 (2) 2998 (5) 
C(7) 1069 (6) 976 (2) 5194 (6) 
C(8) 2298 (6) 1415 (2) 1635 (6) 
C(9) 2408 (7) 1907 (2) 1736 (7) 

i 

I ' ~ 0 ~ ~  ~115} 

Fig. I. lntramolecular bond lengths (A) for N-acetylanthranilic 
acid with their e.s.d.'s in parentheses, 

D (referred to the usual orthogonalized coordinates), 
are: 

(1) The plane through atoms C(1), C(2), C(3), C(4), 
C(5), C(6), with A = - 0 . 9 5 4 ,  B = - 0 . 0 2 6 ,  C = 
- 0 . 3 0 0 ,  D = - 2 . 8 7 5  ]k. 

(2) The plane through the atoms N, C(8), C(9) and 
0 (3)  of the acetamide group, with A = - 0 . 9 4 8 ,  B = 
0.101, C = - 0 . 3 0 1 ,  D = - 2 . 4 5 1  A. 

(3) The plane through the atoms C(7), O(1), and 
0 (2)  of the carboxyl group, with A = - 0 . 9 2 8 ,  B = 
0.011, C = - 0 . 3 7 2 ,  D = - 3 . 0 8 8  A. 

Planes (1) and (2) are planar within the largest 
standard deviation (0.008 A). The dihedral angles 
between these three planes are (1)-(2), 7.3, (1)-(3), 4-9 
and (2)-(3), 6.6 o. The programs used in data reduction 
and refinement were MUL TAN and those from Enra f -  
Nonius (1976). For the calculations of bond distances 
and angles a program written by Shiono (1971) was 
used and all the calculations were carried out on a PDP 
11/45 computer. 

Diseusslon. The hydrogen-bonding scheme consists of 
O ( 1 ) - - H . . . O ( 3  t) intermolecular bonds, forming 
molecular strips that run across alternating planes 
roughly parallel to the crystallographic planes (301) 
and (301), and an intramolecular bond N - H . . . O ( 2 ) .  
The corresponding distances and angles are given in 
Table 2. The closest intermolecular distances between 
parallel chains along the c direction are between N and 
O(3 ll) at 3.436 A and O(3 li) and C(8) at 3.399 A, and 

Table 2. Hydrogen-bonding distances (A) and angles 
(o) with their e.s.d.'s in parentheses 

i J ~ du djk d,k LUk 
O(1) H(1) 0(3 I) 1.04 1.57 2.613 (4) 178 
N H(2) 0(2) 0.84 1.92 2.652 (4) 146 
Symmetry code: (i) --~ + x, k - y, ~ + z; (ii) ~ + x, ~ - y, ¼ + z; (iii) 

--x,-y,z. 
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Fig. 3. Molecular packing of N-acetylanthranilic acid. 

those along the b direction are between C (2) and C (2 l") 
at 3.186/~, and C(2) and C(3 "l) at 3.418 A (see Table 
2 for symmetry code). A drawing of the molecular 
crystal packing is shown in Fig. 3. 

The crystal structure has interesting features relating 
to the possible mechanism of its TL. As is often the 
case for triboluminescent materials (Zink, 1975), it 
crystallizes in a polar noncentrosymmetric space 
group. The mechanism of TL emission proposed by 
Zink & Kaska (1973) suggests that TL can arise from 
excited molecular states populated by mechanical 
stress. If this mechanism can be applied to this com- 

pound, its symmetry and crystal structure certainly are 
appropriate for the building of large dipole moments 
due to mechanical stress. 

The crystal structure is consistent with its strong 
optical birefringency, as the average molecular plane is 
close to (100), as can be seen in Fig. 3. 

This work was supported by CNPq, FAPESP and 
FINEP. 
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Abstract. C4H9NO 2, monoclinic, I2/a, a = 9.88 (2), 
b = 4.79 (1), c = 24.21 (4) A, fl = 102.3 (1) °, V = 
1119.4 A 3, D c = 1.22 Mg m -a, Z = 8. The crystal 
structure of the high-temperature D form was refined 
by block-diagonal least-squares calculations to R = 
0.083 for 922 visually estimated reflections. The 
terminal methyl group is statistically distributed in 
equal proportions over two positions, trans and gauche 
II to the N atom. 

Introduction. Ichikawa & Iitaka (1968) have reported 
the crystal structure of the A form of the title com- 
pound. Akimoto & Iitaka (1972) found that crystals of 
the A form undergo a solid-phase transformation at 
201 K to the low-temperature C form. Recently, 
Nakata, Takaki & Sakurai (1980) found that the A 
form undergoes another reversible solid-phase trans- 
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formation at about 337 K accompanied by charac- 
teristic diffuse scattering during the transition. In this 
paper we deal with the structure determination of the 
high-temperature D form, as part of an X-ray study of 
the phase transformation between the A and D forms. 

Crystals of the D form were prepared from those of 
the A form by heating in a thermostat at 353 K for 2 d. 
Since thermal hysteresis was too large, cell dimensions 
and intensity data for the D form could be obtained at 
room temperature. All the crystals examined gave 
diffraction patterns showing various degrees of streak- 
ing along e* on Weissenberg photographs. The inten- 
sites of diffuse streaks along row lines hk~ with h + k 
odd varied from specimen to specimen, whereas those 
of diffuse streaks with h + k even were weak but 
unchanged. Therefore, a crystal showing very weak 
streaks with h + k odd was selected for the data 
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