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Abstract

The crystal structure of p-phenylenediamine dihydrochloride has heen determined from X-ray oscillation
and Weissenberg photographs. The crystal is triclinic, space group Cji—Fj,
4.3840.02, 5=5.90£0.02, ¢=8 76+0.03 &,

molecule in the unit c2l.

with cell dimensions a=
a=11041, ;5=96+1 and y=101+1°. There is one

The atomic coordinates were found by means of two-dimensional Fourier projection and (F,—F,)
projection along the @, & and ¢ axes. The structure of p-phenylenediamine dihydrochleride is discussed

in relation to the structures of hexamethylenediamine dihyvdrochloride, hexamethylenediamine dihydroi-

cdide and ethylenediamine dihydrochloride.

Introduction

Among aliphatic diamine hydrogen halide salts, the
crystal structures of hexamethylenediamine dibydroch-
leride?,  hexamethylenediamine dihydroiodide® and
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ethylenediamine dihydrechloride® have hitherto been
determined by X-ray diffraction method. In these
crystals, the modes of N—HsX (X: halogen) hyd-
rogen bonding were provided; in the first crystal, one
of its nitrogen atom within diamine residue forms
three hvdrogen bonds and the other nitrogen atom
forms two hydrogen bonds. In the other two crystals,
each of the nitrogen atoms within diamine residue

form three hydrogen bonds respectively.
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The investigation have heen undertaken in order to
provide with the additional information concerning the

mode of the hydrogen bonding.
Experimental

p-Phienylenediamine dihydrochloride was abtained in
the form of reddish, brown plate-like crvstals from
water solution in dark room. The crystuls were red-
uced by slicing and dissolving to a cylinder about ¢ 1
mm. in diameter,

Samples were mounted along the three crystal axes,
and oscillation and equi-inclination Weissenberg phot-
ographs were taken with Co—K radiation for the zero
layer lines and for all cbtainable layer lines about a,
b and ¢ axes, Multiple-film technigues were emploved.
The relalive intensities were estimated visualiy with
the aid ¢f a calibration strip produced with the X-ray
set under carefully controlled conditicns, The iniens-
ities were corrected for Loventz and polarization

factors.
Unit Cell and Space Group

The accurate unit cell dimensions were determined

by Buerger's back-reflection methad? using (£ 0 0),
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(0 % 0) and (0 0 ) reflections. There were a=4, 38+
0.02, 5=5.9040.02, ¢=876+0.03 &, a=110%1,
5=96+1 and y=101+£1. The density of the crystal
was determined by flotation to be 1. 485 g/cm3, which
corresponds to one (calculated 0.977) molecule of the
p-phenvienediamine <ihydrochloride in the unit cell.
The observed systematic extinctions restrict in space
group to P7or Pi. Choice of space group is fallen
upon Py by structure factors caleulation during inte-
rpretation of Patterson maps, and is justited by the

resulting electron density maps projected along the g,
& and ¢ axes.

Determination of the Structure

Suitable rough strecture was rather eusily deduced;
Patterson projections on (1 4 0), (0103 and (00 1)
showed prominent CI—Cl peaks and other peaks which
could be assigned to Cl~C and Cl—N vectors, Then,
the x, ¥, £ parameters are roughly determined from
the consideration of the structure factors of certain
OrD, (hE O)l:md (& 0 1) reflections.

Fourier projections along the @ and & axes showed
clearly resolved view of the molecule.  Parameters

obtained from these projections did not greatly differ

™I~

Fig. 1 Fourier projection of the electron density along the a-axis (arbitvary scale).
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from the initial 2t and led to no change in sign of
Fou and Fyy Afier five cycles of F, and (F,—F.)
syotheses the relisbiiity factors, R, were 0.10, 0.15
and 0.14 for 047, 40! and A& reflections respectively,
non-observed reflections being omitted.

The final elsctron density projections are shown in
Fig. 1, Fig. 2 and Fig. 3. Final atomic parameters
are given in Tahle I, and comparison of F, and F,

is shown in Table T.

Discussion of the Structure

The interatomic distances and bond angles are
given in Table T and the molecular dimensions are
shown in Fig. 4.

The molecule is a trans type with a center of sym-

metry in it.

H

Fig. 2 Fourier projection of the electron density
along the b-axis (arbitrary scale),

Fig. 3 Fourier projection of the electron density
along the c-axis (arbitrary scale).

KEivaas

The three C~—C distances are 1.39 and 1.40 A.
and ail the three C—C—C angles are very close to
119° respectively, These values reasonable agree with
those proviously found in the pheny! group. The C—
N distance is in good agreement with the normal

single bond distance of 1.475 A.

Each nitrogen atom has three neavest chlotine neig-
hbours, the N—H--+Cl distances being 3. 28, 5.29 and
3.30 A. The N—H---Cl distances and the concerned

Fig. 4 Moleculdr dimensions of p-phenylenedia-
mine dihydrochloride.
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C—N—CI anglss are such that the bonds must be
considered hydrogen Londs, Since both nitrogen atoms
of the p-phenvlenediamine residue of the molecule
enter into three hyvdrogen bonding with neighbouring
chlorine atoms. the formular of the salt can be shown
as. ~Cl- *H3N-CgHy- NHj3* - Cl-,

The arrangement of the molecude o a unit cell is

shown in Fig. 5.
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The number of hydrogen bonds in the crystal ave
same with that of hexamethylenediamine dihydroiodide
and ethvlenediamine dihydrochloride. However, the
hydrogen hends in the erystal  p-phenylenediamine
dihvdrochioride results in the formation of two dime-
nsional network parallel to & and ¢ axes, and along
the a-axis molecules are bound by Van der Waals

the hydrogen bonds in

forczs; on the other hand,

Fig. 5 The arrangement of the molecule in a unit cell.
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Table [ Final Atomic Parameters. hil £ Fe kil £ Fe
. 5 - 065 233 —23 100 316 -3l
066 226 .93 200  7.67 822
Cl 0.930 0, 327 0.128 067 6.2 3.36 300 4.04 37
N 0. 633 0.815 0.177 068 3.10 2,86 400 275  ~—3.42
G 0. 542 0. 907 0. 340 060 0.00 0.82 500 0.67 —0.92
C; 0. 643 0. 797 0. 450 071 2.12 201 101 510 5.85
Cs 0.413 0.115 0. 290 072 313 3.63 102 T.64 —7.02
3 272 323 103 200 ~10.12
074 2.30 .34 14 .07 —173
Table [ Comparison of F, and F, 075 2, 95 —2.66 103 3. 35 —1.07
= 076 5927 =567 106  3.07 3.07
kit F Fe kA Fs ¥ 077 262 —3.33 107 3.3 314
010 5.80  4.31 0211 1.40 1.07 011  10.33 —1L45 108 5.81 3.4
020 10.78 —10.64 051 8.34 7.82 012 866 —&47 100 0.69 0.77
030 3.30 2.59 032 1.3 —1.23 013 0.35 —0.85 1010 ©.8 —1.19
040 502 —509 033 2.87 —2.52 014 327  —0.80 201 .80 0. 54
050 401 —4.03 031 12,20 —11.48 015 &.20 23 202 6.46 —399
060 4.40 4.55 035 4,55  —5.21 016  5.07 510 203  4.92  —3.7
001 2.51 1.76 036 0.69 0. 49 017  4.68 28 24 9.12 —9.10
002 1.69 —1.60 037 7. 86 4.52 018 4.8 —4.8 208 0.9 127
003 9.98 —9.91 038 9. 90 9. 36 019 409 —4.37 206  5.93 4.29
004 13.50 —12.78 039 3.10 2,86 021 6.27 5.4 207 7.87 7.92
005 2,02 —1.98 (310 332 —2.77 022 9.97 231 208 2.43 1.34
006 3.7 2.82 0311 3.48 —35.85 023 11.3%  10.57 209 0.47 —0.7
007 4.37 423 041 6.21 6. 50 024 2. 34 2% 2010 2.96  —3.02
088 3.57 3.33 042 10,00 10.10 6235 3.7 —3.45 301 461 —313
009 2.35 2.2 043 6.13 5. 80 026 6.20 —6.48 302 566 —6.34
0010 1.97 —1.30 044 0.00 —0.03 027 287 —230 303 &16 —T.74
o011 6.62 —T.08 045 4,76 &7 028 2200 —213 304 0.00 —0.%5
012 7.32 8.84 (46 .64 —T.82 031 8.62 720 205 4.3 3. 87
013 10.35  12.32 047 2,79 —2.34 032 0.72 6.48 506 6.15 3. 82
014 5.15 4.93 048 .33 —0.92 03 425 —4.56 207 2.20 1.97
015 20 —0.97 049 4.54 3.05 03¢ 1.90 —222 308 0.49 0. 27
016 378 —3.96 0410 2,08 2,16 035 .78 —7.20 309 801 27
017  10.58 —11.48 031 4,94 —5.30 036 0.74 —0.63 401 2.8  —3.68
013 0.00 —0.82 032 1.87 —1.92 037 .18 263 402 435 —3.026
013 1.95 222 033 4.91  =3.98 641 592 —6.638 403 1.8 —1.329
0170 4.13 4.25 054 6.20 6. 46 012 6,19 ~—544 104 2.97 3.42
021 1214 —15.65 035 5. 69 6. 13 M3 508 —4.55 405 2.6 1.40
022 12.06 —12.28 036 3.9 4.04 044 7.6 7.46 406 3.09 375
023 6. 83 6.37 057 2.2 2.24 M5 2,46 2.71 407 131 1.33
024 6. 8 6.42 038 6.78 —6.69 046 3.23 3.90 408 122 —1.31
025 10.53 280 039 595 —3.16 051 1.63 .29 501  2.80  ~3.49
026 5.84 6.58 0310 3.46 —3.85 032 3.23 3.29 502 L9%  —211
027 6.15 —6.17 061 2,56 2,21 053 1.83 218 503 0.62 0.18
023 0.00 —0.43 062 0.77 —0.93 054  4.30 4.8 502 0.81 —0.78
029 578 —5.30 043 9.95 —90.54 051 5.88 6.59 506  4.14 5.16
0210 3.05 —305 064 1.63 —1.32 062 0.00 0.31 101 13.85  20.37




Vol. 8 (1963) The Crystal Structures of p-Phenylenediamine Dihydrochloride 147

Rkl F, F. 133 F, F. Rkl F, F. kil F, F.
102 6. 44 6,91 304 0.3 —131 230 6. 03 378 110 12.97 +14.03
105 264 —4.13 305 4.65 ~—3.47 240 6.94 —35.40 120 11.24 —11.29
104 .82 ~6.63 306 4.36 —4.61 250 0.76 —0.30 130 10.95  11.02
105 9.04 —-7.72 207 172 1.68 260 2.92 2.05 140 4.76 4.62
105 494 —4.47 401 320 3.57 310 421 —3.31 1% 8.8 —4.42
107 6.15 3.44 402 4.43 3.91 53 8.00 6.10 160  3.44 3.52
108 4.50 4.18 405 .65 5. 83 330 2,62 1.7 210 1.3t 12.00
109 2.98 3.03 404 L01 —0.74 340 2724 —6.08 22X 0.64 —1.42
201 3.61 430 405 L9 —2.357 350 5.71 5.46 230 4.60 3.87
202 4.46 293 501 0.5 —0.23 360 4.92 394 200 075 —0.65
203 2.19 2.76 502 1.7 2.2 410 7.83 —6.84 250 7.09 —8.77
204 4.43 —3.88 110 9.48 —10.04 420 6.12 6.36 310 274 1.90
203 495 —558 1% 7.99 5.11 430 0.00 —0.10 320 11.00 —12.80
206 1.83 —1.49 130 12.68 12.93 440 845 —6.78 330 360 —2.90
207 493 —3.73 130 &30 -—3.88 450 3.42 2.40 340 4. 40 5. 37
208 314 "4.18 150 2.82 —2.33 510 235 —2.57 410  4.40 5.35
301 5. 83 6.80 160 &30 7.18 520 6. 08 4.7¢ 420 0.000 —0.02
202 5.95 7.37 210 13.33 —15.73 530 2,49 —1.02 430 2.25 3,03
203 0.93 —1.12 2% 518 —2.71 540 0.00 —0.25 510 5.13 6. 54
Table W Interatomic Distances (&) and Bond Angles ().
Interatomic Distances Bond Anglgs
o MC::CE 1.40 . £ Cr—Cp—-Cy’ 118.9

C—Ca 1.29 £ Co'—Co—C(y 118.8

Co—Cy’ 1.39 ' Z Co—C1—C3 119.0

C—N 1.48 Z C—C1—N 122.3

CeosC 3.79 £ Cp—C1—N 115.1

ClonCl 4.38. 4.56 Z Cr—N—C1 101. 6, 108.6, 1112

N—H:Cl 3.26, 3.29. 6.30 L
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hloride form three dimensional network. The shortest
jntermolecular C—C distance, 3.79 &, is reasonable
zs a valuz for Van der Waals contact of carbon

atons.,



