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Refinement of the Crystal and Molecular Structure of meso-a, o’-Dimethylglutaric Acid

By Ezio MARTUSCELLI, ETTORE BENEDETTI, PAOLO GANIS AND CARLO PEDONE

Sez. VI, Centro Nazionale di Chimica delle Macromolecole, Istituto Chimico, Universita di Napoli,
Via Mezzocannone 4, Napoli, Italy

(Received 3 March 1967)

The crystal and molecular structure of meso-,o’-dimethylglutaric acid has been determined by three-
dimensional X-ray crystallographic methods. Bond lengths and angles have been calculated and are
consistent with the currently accepted values for aliphatic compounds. The crystals are triclinic with
space group PT and cell dimensions a=9-90, b=8-35, c=7-32 A; a=119°; $=72°; y=126°.

Introduction

The determination of the crystal structure of meso-a,a’-
dimethylglutaric acid (DMGA) forms part of a pro-
gram of research in progress in our laboratory on the
structure of low molecular weight model compounds
in which atomic groups may be found similar to those
present in high molecular weight compounds. A pre-
liminary report on the structure of DMGA has already
been given (Ganis, Pedone & Temussi, 1964). The
manner in which the molecules are associated in rows
in the crystal lattice was established from 40/ and 4k0
intensities. This paper describes the refinement of the
approximate structure with the use of three-dimen-
sional data and discusses the conclusions of a mo-
lecular vibration analysis.

Experimental

DMGA crystallizes from water. The cell dimensions
were determined from Weissenberg photographs of a
crystal mounted about the @, b and ¢ axes.

Crystal data

meso-o,0’-Dimethylglutaric acid (DMGA)

C,O4H;, M=160, m.p. 127°C

Triclinic,

a=9-90+0-02, b=835+0-02, c=7-32+0-02 A;
a=119°+30', B=72°+1° y=126°+30".

drx =124 g.cm™3 (with Z=2), dexp=1-24 g.cm3.
Space group is PT as confirmed later in the analysis.

Three-dimensional intensity data (0k!- - - 5ki, hkO - - -
hk4) were recorded by the equi-inclination method
with Cu Ko radiation. The intensities of 1319 observed
reflexions were estimated visually. Lorentz and polar-
ization corrections were applied in the usual way and
the reflexions were placed on a common scale by the
method of Rollett & Sparks (1960). No absorption
corrections were applied.

Three-dimensional refinement

Three-dimensional refinement of the structure was car-
ried out by the differential synthesis method. The scat-

Table 1. Final fractional atomic coordinates and their standard deviations (A)

x/a ylb z/c a(x) a(y) a(z)
C1) 0-1740 0-2695 0-1293 0-0025 0-0027 0-0036
C(2) 0-3133 0-5245 0-2286 0-0025 0-0029 0-0038
C@3) 0-4009 0-5348 0-3738 0-0031 0-0036 0-0052
Cc4 0-2495 0-6802 0-3440 0-0025 0-0027 0-0037
C(5) 0-1750 0-6933 0-2031 0-0026 0-0027 0-0037
C(6) 0-2964 0-7847 0-0454 0-0048 0-0047 0-0059
C(7) 0-0969 0-8268 0-3313 0-0027 0-0027 0-0037
0oQ) 0-0303 0-2298 0-1930 0-0020 0-0023 0-0031
0(2) 0-2242 0-1739 0-9685 0-0022 0-0024 0-0032
0Q3) 0-1830 0-0137 0-4669 0-0023 0-0026 0-0039
04 0-9483 0-7490 0-3046 0-0022 0-0025 0-0037
H(2) 0-400 0-576 0-108
H3)a 0-421 0-671 0-519
H(@3)b 0-324 0-388 0-402
HQ3)c 0-519 0-551 0-302
H(4)a 0-158 0-633 0-464
H(4)b 0-350 0-839 0-428
H(5) 0-071 0-535 0-123
H(6)a 0-325 0-945 0-092
H(6)b 0-409 0-789 0-036
H(6)c 0-241 0-684 0-894
H(1) 0-122 0-013 0-903
H() 0-894 0-856 0-311
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tering factors of Berghuis, Haanappel, Potters, Loop-
stra, MacGillavry & Veenendaal for C and O (1955)
and of McWeeny for H (1951) were used. After several
cycles with the same isotropic temperature factor for
all the atoms (B=4 A2), the R index (X ||Fo|—|Fel|/
2| Fol) was 0-19, not including the contribution due to
the hydrogen atoms. At this stage, individual aniso-
tropic temperature factors were assigned to the C and

Table 2.

[ RS r, ax1 7 T, bkl 7 T, bkl 7, r,
001 3.7 49 0%s 06 -0.3 170 8.4 8.0 202 5.7 -16.2
002 58 -7.9 076 1.7 -2.0 141 0.8 0.7 20)
003 4.4 5.2 o081 06 -0.3 Tatr 2.1 25 203
004 2.2 2.t o083 0.3 -0.3 131 1.9 127 204
00% 1.7 1.7 o84 1.0 1.2 147 43 30 Jos
006 40 3.8 0B6 0.4 -08 142 2.6 -2.6 205
007 3.1 -20 100 %.2 .7 V42 06 1.t Zos
010 5.8 -4.5 101 3.7 -41.9 142 12.) -11.a 206
OVt 227 23.5 To1 45,7 43.2 142 2.6 -6 206
0F¥1 29.9 -27.8 102 9.4 -12.2 143 2.%v -7 207
012 04 08 Y02 1.6 -20.4 T4) 47 -42 210
oT2 41,8 4.7 103 6.6 -7.8 133 0.7 -9 2V
013 1.6 01 TO03 3.2 -1.1 143 3.1 2.0 211
0¥3 3.1 -2.4 104 8.2 03 144 20
0V4 9.z -11.7 To4 5.2 -5.2 Taus 271
01% 08 -08 105 1.1 0.2 174 217
oTs s -35 Tos 3.5 -32 141 212
016 4.0 34 Y06 3.7 3.6 138 212
oTe 2.2 -1.8 Y08 2.9 -2.5 148 212
017 2.9 2.8 110 25.0 21,5 148 2112
077 1,9 -1, 170 3.7 13.6 147 21)
020 210 -3.) 111 49 -3.6 148 313
021 253 -29.7 T 11 12,6 119 150 2V
071 22,1 -22.4 171 12,2 124 1% 213
022 15,5 147 117 388 41,7 191 214
022 66 11 112 15,6 -1 Ts1 2%
023 2,7 =14 T12 11,6 -9 1851 217
023 8.6 ~18.8 172 24,9 3.2 187 21
024 66 6.9 117 58 6.6 1982 avs
0Z4 5,7 -7.3 113 2.2 -22 Vs2 218
029 06 .09 VY13 19 o000 182 216
029 19 -2.0 173 06 0.1 182 216
026 3.7 =33 113 150 1229 13 2V¢
026 2,2 «2.6 114 7.1 7.0 T3} 218
030 65 -5%0 T1re 8.3 7.0 13} 3
031 9.6 29,4 174 64 7.2 153 31}
031 15,0 15,0 117 9.6 10,4 194 220
032 T8 1.6 ?'; 04 0.3 T4 220
032 9.6 -84 1 2.7 2.8 184 221
033 T «7.9 Y16 3.9 -3 187 PR
033 o -0 V17 26 2.7 19 22
oga 6.3 =933 117 3.4 2.8 138 227
034 45 47 120 3.4 40,3 137 222
035 3 26 1230 17.6 -17.6 13¥ 222
09 0.4 -0.6 121 0.3 .3 160 272
036 1.3 06 T21 04 2.4 180 ¢e?
036 09 0 131 40 =17 161 22)
037 24 20 127 3.4 -7.0 V61 2:)
038 o8 0.3 122 W 5.8 181 23)
040 17,0 16,9 V22 84 9.2 167 223
04 5.0 =38 132 39.) 0.3 162 224
0odtr 08 1.0 t2F 1) M8 V62 Taa
042 3.7 =36 123 32 -29 182 234
0d2 98 -43 Y23 209 1) 167 223
043 8 -0.7 |l§ W) -9 16} 229
ol) 2.6 3 2 3.8 -6 18 229
044 08 =09 124 2.2 2.6 16) 2?3
ode 03 835 T24 935 335 184 22%
045 08 -08 124 2.4 38 161 226
oTs 28 3.0 v2ad 7 -0 189 Tae
06 1.0 =13 123 7)) -7 168 aa:
07 1.1 -0.9 Ya; w2 33 186 22
oT8 09 06 V2 1.0 1.2 168 230
090 14 03 T26 14 14 169 230
0351 w7 -08 128 200 -2 170 231
0%1 09 08 Y27 1.0 -0 170 23
0352 39 )8 1:; 1.4 1.9 171 231
052 19 9 12 08 01 %71 237
0353 0.6 -0.) 1go 3.7 33 11°% 232
0%) 37 34 130 v 22 T2 ¥32
034 W8 2y 13V 9.2 -3) 172 232
034 2.t 20 Tg' Y 26 172 233
083 W8 -9 1381 50 .30 1Y) 233
086 w1 08 13T 29 42 17) 333
0%7 16 2.0 132 %0 4V 174 233
08 16 -1e T332 150 156 177 233
060 5.2 49 132 5.4 -6 |Yz 234
061 49 =37 V37 8 0.2 17 Iye
of1 22 2) 13) 62 -338 180 234
062 2.8 23 T3 21 27 180 2313
0F2 03 07 133 1.0 -t0.¢ 182 2393
063 2.2 20 13§ vy -rve 187 1)
083 %2 ~1e 134 29 -23 18 2318
ofe 36 -326 V3ye 27 -23 183 Iye
086 3.0 3.9 V¥4 o w2 18 23¢&
08T w1 <09 133 vy w9 1§ 237
O%8 0.6 -0.8 138 vy <02 194 240
0T0 1) W 138 3 -32 200 280
071 24 20 V37 Ve 2 201 241
071 43 ~4d 38 09 v o Jan
072 1. 1.4 140 63 6.0 02

0%e 11 W
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O atoms and, after few cycles the R value dropped to
0-128.

The contribution of the hydrogen atoms was in-
cluded assuming calculated positions with C-H and
O-H length equal to 1-08 A with the same isotropic
factor B=4-0 A2. The refinement was stopped when
the average shift in the atomic coordinates in terms
of their standard deviations was less than 0-5a, except

Comparison of observed and calculated structure factors

skl 7, r.oaxl w, P okl ax
281 300 23 Jos w12 el LR
247 v .0 ios 3.0 =30 Yaa L]
242 17 -0.8 06 04 0.2 Yau LI
242 6.0 6.0 310 .4 -39 a4 (B
242 2.8 -5.9 YVo 46 -6 al 41§
242 6.3 -T.0 vV 6 62 Jas 4rs
243 05 o8 Ji1v 435 S0 349 Tra
243 63 6.2 IV g2 06 &l eV
2T3) 1.0 -2.6 317 38 w6 Jaib [BR]
243 09 07 312 03 2.0 &Y [BE]
246 VT 17 Jv2 M0 -8 3SO dvs
44 39 -34 3T2 106 203 3¥0 avy
244 06 0.3 317 9.2 94 Y30 [ ]
243 02 03 313 6 8o );\ avs
239 1M 113 Fay oy W 393%V et
248 01 w1 373 04 -2 gsl 4y
24T 09 =09 313 98 -39 32 420
zn} 08 -08 314 04 -0 382 430
24 10 -2 Jre 38 3 ) ¥R
230 2.6 -2.3 IV 124 w0 ias Ten
2850 3.2 3.0 31T 6.6 - 6.0 )5; a3
237 w6 1.3 3Y¥3 04 0.3 39 ey
231 WT -4 313 o) -0.0 ];c are
281 62 -3%6 316 3V -27 384 fe2
237 2.4 1Y Jr6 16 -7 g;l (RN
2392 W3 -y 3T¢ 35 )9 ;s “rh
};t W6 -17.0 318 33 39 3 3
232 47 -32 Jrv? 0 -0 ”i }a)
233 4.0 -40 317 28 2.4 38 (R}
293 04 01 320 4.6 39 399 40‘
233 06 0.2 320 200 -19.9 360 'FK
293 49 -2 ;:l a1 2 o fea
293 47 -4 21 11,9 10,4 (3 (RN
184 0Y 0 32V ‘5.4 8.1 6 e é
834 0.) -9.) 32V 9.2 0.2 [§] YR}
1393 0.6 0.7 }:x 0.4 0.3 (3 (R
139% 0.4 0. 22 3.0 -8 82 41;
€93 41 21 3232 6 80 [ ¥} fee
23T 04 06 32% 10 -7 ) el
260 3.6 -39 gz) 3 2 [ ] (XX
260 1.0 -9.8 23 62 -7 04 ‘e
264 0.7 0.8 )2; 12,3 -12.4 X 4)0
26 2.2 2y 2 6.1 6.9 [ X c;o
281 2.4 -7 324 48 -4 ¢l 43
267 06 04 334 1.0 -0.8 l; 3
162 2.8 2.2 32T 2.7 2. [ n"
282 93 9 i“ 3.0 2.8 [ [ER)
26% 0.2 0.6 29 09 0.7 ¢é e X}
163 1.9 -8 )!; @3 4 %o $)2
a‘* 0.9 -0.3 32 2.3 - 1.6 11 4‘1
26 LT ne g 26 1.4 10 k8] 431!
264 0.3 0.) :3 2.2 -2, \ K} 1)
284 v 09 ‘: 0.3 < 0.1 ) 1)
268 0.8 0.7 27 0.3 0.0 s 4‘
283 11 08 329 1 . ¢ a)!
acz .y - 1.9 )‘o ).y - 2.9 ° [BX]
a6 09 =11 330 4.0 4.9 ] $)a
267 1.2 .3 ;)n [ X I N ] 1 4‘4
270 0.4 -0.8 i‘ 2.2 - a7 2 a3
270 29 ~2.2 351 vy v 38 43
21V %2 w6 33F 1.8 218 304 i)
7712 2.1 24 ;)a 30 «2.9 30 d)i
292 w3 ve 32 1.0 w.o 386 D]
272 07T -0.8 332 5.1 -5.6 3§ 440
2713 e %3 33F 2.2 27 39 a«lo
274 3.1 .3 333 6. 3.9 39 44
218 05 08 3J3) 0.9 o0& 39 fa
273 0.3 0.6 333 3.3 M. 3§ e
:zi %0 -10 333 7' T3 400 set
280 1.6 %3 334 17 -1 401 YY1
280 v 1.0 334 0.1 -7.6 201 ¢4
281 14 w3 338 16 -2 s02 eda
282 o3 o0 335 16 13 Teo2 YR
283y o8 -07 338 19 o9 so03 .3
283 3 -3 336 0.2 1.9 Zo) 44;
281 @4 0.3 338 i -1 so04 das
292 0.4 -0.3 337 0.7 -1.0 B0 sd4
293 0.9 -09 340 2.4 -2, 409 48
294 4 1.3 370 WY we Jos des
JOO Y3 -2.0 341 335 34 406 ‘e
30 49 62 Jav o6 2.2 Fo06 sa 8
Joe s 2.7 331 %01 %% sv0 43¢
JO0e 1.2 -3 34V 2.0 2.) Vo X X3
302 M8 W8 342 3.6 -i7 4t 499
303 1.1 09 J42 i -3T Fre i3
Jo3 00 88 312 w.: -ty (T4 a8
304 19 14 367 34 -33 617 % 491
Jos« o8 6.2 343 o8 -€T1 4ts 4%
309 2.3 2.7 Je3 s s T2 L ]

33) e e 4T [
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Table 2 (cont.)
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Table 3. Peaks heights (e.A-3) and curvatures (¢.A~5)
Values in parentheses are from F, differential syntheses.

e —Ann — Ak
obs. obs. obs.
(calc.) (calc.) (calc.)
(1) 6-47 479 52:9
(6-59) (48:3) (51-4)
C(2) 6-41 48-7 483
(6-45) (48-8) 47'5)
C(3) 5-27 393 - 38-7
(5-42) (39-8) (38-7)
C@4) 659 49-0 51-4
(6-60) 49-5) (52:4)
C(5) 6-50 473 510
(6:60) (48-0) (50-4)
C(6) 472 25-3 299
(4+85) (25:3) (30-5)
C() 6:64 451 52:1
(6:80) (45-8) (50:7)
o) 8-63 59-6 61:2
(8-:70) (59-8) (59:6)
02) 8:32 55-5 59-3
(8-38) (55-2) (57-4)
0Q@3) 7-93 524 54-2
(7-92) (52-1) (51-1)
04) 7-92 563 55-1
(8:13) (55-8) (54+8)
Table 4. Intramolecular distances
and angles with standard deviations
Distances
C(1)-C(2) 1499 A 3-8x10-3 A
C(2)-0(1) 1-209 3:3x10-3
C(1)-0(2) 1-322 3-8x10-3
C(2)-C(@3) 1-511 59x10-3
C(2)-C4) 1-541 39x10-3
C(4)-C(5) 1-515 4:9x10-3
C(5)-C(6) 1-509 64x10-3
C(5)-C(7) 1-507 3-8 x 10-3
C(7)-0(4) 1-267 4-0x 10-3
C(7)-0(3) 1-247 3-6x 10-3
Angles
C(2)-C(1)-O(1) 123-3° 2:7x10-1°
C(2)-C(1)-0(2) 113-4 2:3x10°1
C(4)-C(2)-C(3) 111-5 29x 10!
C(1)-C(2)-C(3) 108-8 2:7x 1071
C(1)-C(2)-C(4) 111-6 2:1x 101
C(4)-C(5)-C(6) 1149 2:8x 10!
C(4)-C(5)-C(7) 110:4 2:8x 1071
C(6)-C(5)-C(7) 107-9 2:9x 10-1
C(2)-C(4)-C(5) 114-2 2:8x10-1
C(5)-C(7)-04) 119-0 2:5%x10-1
C(5)-C(7)-0(3) 119-3 2:6x10-1
C(1)-C(2)-C(4) A C(2)-C(4)-C(5) 296-4 3-0x 101
C(2)-C(4)-C(5) AC(d)-C(5)-C(D 1729 3-0x 101
O(1)-C(1)-C(2) AC(1)-C(2)-C(3) 97-2 3:0x 101
O(3)-C(7)-C(5) A C(T)-C(5)-C(6) 739 3:0x 101

for the hydrogen atoms; R was 0-117. The final atomic
coordinates together with the corresponding standard
deviations (Cruickshank, 1949) are reported in Table 1.
In Table 2, observed and calculated structure factors
are listed. In Table 3 the peak heights and the curva-
tures of electron density are compared at the points
corresponding to the atomic positions.

—Au Ank Ant Axt
obs. obs. obs. obs.
(calc.) (calc. ) (calc.) (calc.)
386 2:73 110 1-93
(38-3) (2-71) 1-10) (1-93)
358 2:72 —1-18 1-64
(359) 2:75) (—1:19) (1-68)
266 228 —1-34 1-48
(27-8) (228) (—1-34) (1-53)
37-5 2:62 —1-15 1-59
(36'1) (2:68) (=117 (1-65)
374 2:70 —-1-12 1-74
(37:6) (2:65) (—1-14) (1-78)
232 1-57 —0:43 1-17
(22:6) (1:45) (—0-44) (111
376 2:40 —0-71 1-53
(379) (2:47) (—0-73) (1-58)
442 2:95 —-0-99 1-75
(44-8) (3:05) (—1-03) (1-81)
42-7 3-08 —1-06 1-60
42+9) (3-:09) (—1-06) (1-63)
349 2-76 —1-01 1-19
(354) 277 (—=097) (1-24)
37'5 3-14 —-1-31 1-40
(37-8) 311 (—1-25) (1-42)

The estimated standard deviations of electron den-
sity and of its first derivatives are:

o(0)=0-07 e.A-3
0(An) =012, 6(Ax)=0-14, 6(4;)=0-14 e. A4

Molecular and crystal structure

In Fig.1 the molecular model of DMGA is presented.
The interatomic bond distances and angles with the
calculated values of their estimated standard devia-
tions (Cruickshank & Robertson, 1953) are listed in
Table 4. The equations of the least-squares plane cal-
culated for the C(1)C(2)O(1)O(2) atoms and for the
C(5)C(7T)O(3)O(4) atoms are respectively

5-878x —6-456y 4+ 6:687z—0:018=0
and
1:637x—5-573y +6:721z42-214=0 .

No significant deviation from the plane was observed
[maximum deviation —0-008A for C(1) and —0-008 A

Hi3)e
Hislo Hi3)a

H(sla H(d)l/)

o(3) cie)

-

-=" 'nm

Fig.1. Molecular model of meso-x,a’-dimethylglutaric acid.
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O--~H—O0
/ N
for C(7)]. Also the systems ——C\ C— with
O—H—-0

the centres of symmetry at 0,0,0 and 0, 1,4 are planar
within experimental error.
The values of internal rotation angles

0, =C(1)C(2)C(4) ACQ2)C4)C(5) =296-4°
d
" a,=C(2)C(4)C(5) AC(@)C(5)C(7)=172-9°

show that the atomic grouping C-CH-CH,-CH-C
I l

CH, CH;
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has a similar conformation to that found for isotactic
polypropylene (Natta & Corradini, 1960).

In Figs.2 and 3 the projections of the DMGA struc-
ture along [100] and [001] are shown. The shortest inter-
molecular distances are also indicated. The structure
consists of hydrogen-bonded molecules directed along
the b-+c¢/2 crystallographic axis. A distance of 2-642
+0:010 A has been found between the oxygen atoms
of carboxylic groups of adjacent molecules repeated
by a symmetry center.

Molecular vibration analysis

In Table 5 are shown the coefficients by of the tem-
perature factor, which is in the form:

Table 5. Final temperature parameters
Temperature factors are in the form: exp [~ (b1142 + baok? + b33l2 + biahk + b13hl + baskl)].

bn b1z bi3 by ba3 b33
C(1) 0-0158 0-0246 —0-0011 0-0260 0-0157 0-0285
C(2) 0-0164 0-0245 —0:0031 0-0260 0-0160 0-0314
C(3) 0-0225 0-0296 —0-0165 0-0268 0-0243 0-0427
C4) 0-0169 0-0201 —0-0060 0-0211 0-0115 0-0325
C(5) 0-0180 0-0242 0-0030 0-0250 0-0155 0-0274
C(6) 0-0283 0-0410 0-0140 0:0410 0-0360 0-0406
C(7) 0-0162 0-0230 —0-0015 0-0245 0-0140 0-0276
o(1) 0-0173 0-0234 0-0030 0-0255 0-0120 0-0318
0(2) 0-0175 0-0273 0-0015 0-0270 0-0050 0-0333
0@3) 0-0180 0-0260 —0-0080 0-0272 —0-0030 0-0395
04) 0-0175 0-0276 —0-0090 0-0284 0-0015 0-0400

Fig.2. Projection of the meso-a,«’-dimethylglutaric acid structure along [100].
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Table 6. Dimensions and orientations of the thermal vibration ellipsoids relative
to the atoms of meso-o,o'-dimethylglutaric acid

Angles formed by U; semi-axes

with crystallographic axes Direction cosines of U; semi-axes
U V1U:/272] a b c referred to an orthogonal coordinate
(A2x4) &) © Q) ® system™
[ U,=4-18 0-23 55-9, 745, 769 0-8738, 0-4309, 0-2253
C) U,=529 0-26 769, 126-6, 13-3 —0-1806, —0-1427, 0-9731
U3=3-34 020 142-8, 40-8, 87-3 —0-4515, 0-8910, 0-0469
Uy=422 0-23 51-8, 78-0, 767 0-9020, 0-3652, 0-2301
C(2) U,=574 0-27 81-7, 121-2, 13-4 —0-2266, —0-0532, 0-9725
U;=3-51 0-21 140-6, 33-9, 92:0 —0-3674, 0-9294, —0-0348
[ U;=571 0-27 103-8, 31-2, 93:0 0-3115, 0-9488, —0-0525
C(3) : U,=8-00 032 110-5, 99-8, 39-0 —0-5845, 0-2349, 0-7766
Uy=4-42 0-24 25-1, 1193, 51-1 0-7492, —0-2113, 0-6278
( U, =437 0-23 160, 1101, 80-4 0-9393, —0-3002, 0-1661
C® U,=6-15 0-28 80-2, 120-2, 10-7 —0-1833, —0-0299, 0-9826
Us=3-14 0-20 102-5, 37-5, 82-2 0-2900, 0-9534, 0-0831
[ Uy=4-54 0-24 257, 105-2, 66-4 0-9128, —0:0777, 0-4008
C(5) U,=4-96 0-25 90-6, 1203, 24-4 —0-4061, —0:0725, 09109
| U3=3-58 0-21 115-7, 34-7, 84-4 0-0418, 09943, 0-0977
U;=597 0-27 95-9, 30-4, 119-1 0-5004, 0-7158, —0-4871
C(6) 3 U,=9-09 0-34 38-8, 110-1, 43-8 0-6922, 0-0071, 07216
U3=5-19 0-26 128-2, 68-1, 60-5 —0-5199, 0-6983, 0-4919
[ U;=416 0-23 394, 87-2, 83-5 0-9865, 0-1190, 0-1127
c( 3 Up=5-26 0-26 71-2, 129-5, 11-8 —0-0896, —0-1843, 0-9787
| U3=341 0-21 1231, 39+6, 80-1 -0-1373, 0-9756, 0-1712
Ul=4-36 0-23 49-6, 76-4, 97:3 0-9720, 0-1968, ~0-1281
o(1) 2 Uy=7-22 0-30 125-2, 45-6, 160-7 —0-1804, 0-2767, —0-9439
Uy=3-42 021 119-9, 47-5, 72-3 —0-1503, 0-9406, 0-3045
[ U;=4-60 0-24 47-2, 79-6, 85-2 0-9640, 0-2522, 0-0843
0(2) U, =824 032 116+4, 432, 1622 0-0031, 0-3061, —0-9520
| U3=2-92 0-19 125-7, 48-7, 72-9 —0-2658, 0-9180, 0-2943
U,=447 0-24 26-9, 99-1, 82-2 0-9851, —0-1055, 0-1359
0oQ3) 1 U=9-98 0-36 107-8, 44-9, 160-8 0-1610, 0-2868, —0-9444
Uy=3-24 0-20 109-6, 46-5, 72-6 0-0607, 0-9522, 0-2995
[ U;=4-22 0-23 393, 89-9, 73-7 0-9467, 0-1574, 0-2809
o) U;=9-34 0-34 771, 131-4, 196 —0-2407, —0-2339, 0-9420
1 Us;=3-44 0-21 1266, 41-4, 79-4 —0-2139, 09594, 0-1835

* In this system the z axis is coincident with ¢, the y axis is normal to ¢ in the bc¢ plane, and the x axis is normal to the bc
plane.

Hi3la

H2)\ 484
) .m
T Q
W 2834 o X~
< >
e Q.
(J
e a43h Wew 4 0y S
\\\ 330A S
Yol

] I U\ asinp

Fig.3. Projection of the meso-a,«’-dimethylglutaric acid structure along [001].
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Fig.4. Projection parallel to the row axis (b+¢/2) of meso-
a,0’-dimethylglutaric acid molecule and of U, semi-axes of
thermal vibrational ellipsoids.

exp[— (buhz + b22k2 +b3312 + blzhk + b13hl+ bz}kl)] f

The values of the three semi-axes of the ellipsoid of
thermal vibration for each C and O atom are reported
in Table 6. These parameters were calculated with a
program written for an Elea 6001 computer (Coda,
1966). An evaluation of the thermal data shows that,
for all atoms, one of the three semi-axes (U,) is ap-
preciably larger than the remaining two (U, Us). Cor-
respondingly a larger mean square displacement in the
U, direction is observed. As shown in Fig.4, the U,
semi-axes are nearly orthogonal to the axis of the mo-
lecular rows b+c¢/2.

Nevertheless it is important to point out that the
U, length corresponding to the oxygen atoms and to

E. BENEDETTI, P. GANIS AND C. PEDONE
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carbon atoms of the methyl groups is larger than the
U, length corresponding to the carbon atoms of the
molecular skeleton. This situation is consistent with
the results of analogous studies on non-substitute. di-
carboxylic acids (Housty & Hospital, 1964, 1965, 1966)
in which thermal vibration oscillations occur with a
greater amplitude for the terminal atoms and in the
same direction as in our compound. It is also interest-
ing to note that the values of the semi-axis lengths are
in agreement with those found for normal chain acids
(Housty & Hospital, 1964, 1965, 1966).

Our results lead to the conclusion that, apart from
the differences in the shape of rotational barriers
around the single bonds, the molecule of DMGA is
characterized in the solid state by a degree of rigidity
similar to that of a non-substituted dicarboxylic acid.

The authors are grateful to Prof. P.Corradini for
advice and helpful discussion, and to Dott. A.Coda
who kindly supplied us with a crystallographic pro-
gram.
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