3

X-RAY ANALYSIS OF FROZEN PYRIDINE AND
ITS SOLUTION AT--180"C

S (. BISWAS
Orrios DEI'ARTMEN']‘. INDIAN ASSOCIATION FOR Ti (C'ULTIVATION OF NCIENCE,
JADAVPUR, CATCUTTA.

(Receved for publication, September 2, 1957)

Plate 11

ABSTRACT. Debyc-Schorrer  patterns  of pure pyndmo and s solution m  the
frozen stato at —180°C have boon studied and two chfferent putteins due to crystals of
pymdme have heon observed. Analysis of (he pattorns show that the first modifieation
belongs to the space group Q1 with =12 16 AU, b=9 14 AT., «—8 18 AU, and the
second modification belongs 1o tho space group @2 with cell dmensions «— 11 00 AL,
b—9.27 AU .c—9.02 AU The donsity of the erystals has also been measured and the
numbor of molocules in the wut cell 15 found to be 8 m beth tho cases.

11 18 pointed out that pyrrdine molecule 18 agyinmetrie m hHoth the modiheations and
that the formation of weak honds nmong the molecules in the solid stuto may bo the eause
of such asymmetiy. The frozen mixtwie 1w found 1o be amorphous. These rosults are
compared with thos of the mvestimutions on the Raman speetra of erystals of pyndine and
of frozon muxtures of pyridme hy previous workers aud 1t 15 concluded that complex goupy
of molecules producod new Raman band o the frozen nuxtwes

INTRODUCTION

The Debye-Scherrer patterns of toluene and its mixtures with alcohol in the
solid state at — §180°C' were stuched 1ecently hy Bwwas and Sirkar (1957) and 1t
was observed that frozen toluene helongs to the space group (7. and that certam
[rozen mixtures of toluene and alcohol which appesr to form glass are amorphous
These results, combmed with {hose of the mvestigations on the Raman speetra ol
these substances (Kastha,1956a), throw some light of the nature of mtermoleenlar
forces present in these sohd masses at --180°C.

It was further observed by Kastha (1956) that sohd pyridme at 180°C
produces new Raman les in the low frequency region and that frozen mixtures
of pyridine with alcohol produce a new Raman band mstead of a {few new lines
given by pure pyridme in the solid state. It was not known. however, whether
the mixtures of pyridine with alcohol m the solid state are crystallne and the
crystal structure of pyridine was also not known. The present investigation was
nndertaken to study the Debyc-Scherrer patterns of frozen pyndme and of s
solutions in aleohol at - 180°C in order to correlate the results with those ohserv-
¢d m the investigations on the Raman spectra of these substances. 11 was also
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mtended to find the space group of the crystals of puve pyridine and to deter-
mine the symmetry of the molecule m the erystal.

EXPERIMENTAL

Pyndme used m the investigation was of chenncally pure gquality.  Debye-
Scherrer patterns of pyridine and ol 509%, solution of pyridine in dehydrated
othyl alcohol in the frozen state at - 180°C were photographed using a low-tem-
perature camera of special design  The liquid was scaled in thin-walled glass tubo
which was fixed vertically along the axis of a cylindrical camera and was rotatecd
slowly during the exposure hy an electric motor and a gear system A narrow
stream of liquid oxygen was falling continuously through a funnel ou the tube
containing the liguid from a Dewar vessel of special design titted on the lid of
the evlindrical camern which was evacuated continuously with a pump  With
this arrangement well-defined Debye-Schetrer rmgs were produced by frozen
pyridime, but a halo due to liquid oxvgen was superposed on the pattern. The
radius of the camera was measured hy photographing the Debye-Scherrer pattern
due to rock salt

A Serfert X-ray tube running at 32 KV and 26 mA was used to photograph
the Debye-fcherrer patterns  The X-ray tube was provided with a copper
target and a mekel filter was used (o cut off the K radiation  An exposure of
2} hours was sufficient to 1ecord each pattern with moderate mtensity. Several
photographs were taken in each case to confirm the genuineness of the results
It was observed, however. that in some of these photographs the patiern was
similar to that due to a fibre, while in the other photographs uniform rings were
obtained  So hoth these patterns were recorded carvefully to find oul whether
they indicated different structures

RESULTS AND DISCUSSION

The two types of pattern due to [rozen pyridme at  I80°(* are roproduced
m figures 1 and 2, Plate TT.  The values of sm?*), calculated from these Debye-
Scherrer photographs of frozen pyridine at. —180°C, are given m Tables I and
T1 respectively These values indicate Lhat the structure is not the same m the
two cases. By applying Lipson’s method (Lipson, 1949) to the values of sm?*)
the crystal system was found to be ortho-rthombic in both the cases  The values
of A2[4a2. A2/4b2, and A2/4¢® deduced fiom the values of s 2 by Lipsons’ method

are given below -

(a)  Modification I (figure 1) A24a® — 00401, A2[4)? = 00710
A2J4c2 — O0R25,
From these we get

= 1216 AU, b=—914 AU ¢=848A.U.
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To calculate the number of molecules por mnt cell, the density of pyndme
at —180°C was required, but it was not found mn the existing liteiature  So the
density of frozen pyridine at - 180°(* was measured m the same way as m the
case of toluene (Biswas and Sirkar, 1957) and it was found to be 1134  The
number of molecules per unit cell caleulated with this value of the density w ap-
proximately 8

The values of s 20, caleulated with those of A%/da®, A2[40% and A%[4e mentioned
above, the spacings and mdices of the corresponding planes are. also meluded

TABLEK 1

Nintg Sinzg Differenca ;llm:m[_rs Indices and
(ohgerved) (ealeulatod) m AU Intonsities

01650 01604 00046 59 200 (m)

2R20 02840 00014 4.58 020 (m)
03287 03300 00013 4.25 002 (vi)
03735 03701 00031 308 102 (w)
04264 L04319 (U 373 B0 (vw)
04857 04904 00047 3.49 202 (»)
05319 05260 00050 3 34 221 (W)
07089 071206 00037 2 80 410 (k)
07939 07951 .00012 273 111 (x)

00670 097106 W46 2 47 402 (vw)*

L09690 00020 032

11330 L1360 00030 2 20 040 (w)
13220 13200 00020 2 ]2 0ud (w)
14940 14969 00029 9 340 (m)

L 16230 L 16204 00034 Lyl 242 (vw)
17680 L7044 L00036 1.83 224 (w)
19630 19610 U E .71 04 (vw)

*br
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TABLE T1

Smzg Sz Difforenco Spucimgs Indices and
(ohserved) (culeulated) m AU Intensities

02785 02760 00025 1 61 20 (8)
02966 02920 00046 + 47 002 (vs)
03381 03380 00004 4+ 19 211 (8)
L04100 LO04020 00020 J.80 112 (vw)
04857 04850 00023 34 202 (w)
056423 075450 00027 3 31 221 (m)
06947 06940 00007 2 92 031 (%)
07877 07R40 00037 2 74 100 (»)
0NE6HO 09620 00036 2 4R 132 (m)
11070 11010 -00030 2 32 040 (m)
. 13000 . 13000 00000 2.3 240 (w)
13610 13640 00030 200 204 (vw)
14420 14440 00020 203 024 (m)
14940 14930 00010 199 124 (m)
15110 15100 00010 I U8 413 (w)‘
15930 15920 .00010 193 342 (w)
16810 16750 -00030 I 88 314 (vw)
17640 17640 L 00000 1 83 600 (m)
19400 19430 L 00030 175 115 (m)

in Tablo 1. The intensities are indicated roughly by the letters s, m, w” ete in
parentheses It can be seen from Table 1 that there 18 no restuiction for the oc-
currence of reflection from the planes. The ring due to (400) is masked by the
hquid oaygen halo  The want of restriction leads to the conclusion that the space
group @t and as the number of molecules m the unit cell s cight, the molecule
has no symmetry m the trgzen state at - 180°Ct. So. there is neither a plane of
svmmetry nor a two-fold axis of symmetry in the molecule m thiy modification
of the erystal  This indicates that probably there 1 unusual hond-formation
among the molecules m the solid state.  This also supports the view put torward
by Kastha (1956) that groups of pyruline molecules formed in the solid state
produce new Raman hnes m the low-liequency regron.
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Fi. 1 Pyodin (madilicaton I) at -1lo'C
g 2 - (modilicauon 1T) . .
Fig. 3 50% mnture at —180°C

0% . at 30'C
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(b) Modification I1.
In this case the values of A%/4a2, A2/4b% and A2/4c?, which oxplain the observed

values of sin%0 given in Table IT satisfactorily, are .0049, .00690 and .00735
respectively. These give the following cell dimensions-

a=11.00AU. b= 927AU, c¢c= 9.02A.T.

If the density is taken as 1.134 in this cnse alro the number of molecules per unit
cell comes out as 7.94. This shows that tho number of molecules per unit cell
is 8 in both tho modifications and the differences hetween this value and those
caleulated in tho two cases may be due to some uncertainty m tho value of the
density.

Table TT shows that planos (221), (124) and (115) produce Debye-Scherrer
rings in this case. Those rings could not be assigned allernative indices. So
there seems 1o be no restriction in this case also oxcept that (okl) 1 halved if
(k--1) 18 odd, (kol)is halved if (2 |-I) 18 odd and (kko) is halved if (k- k) is odd.
These restrictions and the number of molecules per unit cell indicaie that the
space group is @, aud the moleculos are all asymmetric in this case also. 1t
appears that rotation through a small angle of the molecules about the b-axis is
responsbile for producing the second modificarion.

1. Structure of frozen solutions of pyridine.

The patterns due to a 50%, solution of pyride in ethyl alcohol both in the
solid state at —180°C and at the room temperature and that. due {0 pure pyridine
in the liquid state are reproduced m figures 3, 4 and 5 (Plate II) respectively.
Pure pyridine in the hqud state produces a broad halo giving a mean spacing
of 4.65 A.U. The mixture in the liqud state produces a similar halo correspond-
mg to a spacing of 443 A.U  The frozen solution shows a single halo inside
another halo due {o liquid oxygen and the spacing is 4.17 A.U.

It was reported carlier (Biswas and Sirkar, 1957) that {rozen ethyl alcohol
produces ring corresponding to a spacing of 378 AU.  Llence the spacing ohserved
in the case of mixture of pyndine in ethyl alcohol is just the mean of the spacings
due to two pure liquids. This shows that tho mixture is a homogeneous one.
Further, the spacings observed in the frozen mixture of pyridine in chty! alcohol
is much larger than that in the frozen in eybotactic groups in solid cthyl alcohol
"This shows that in this mixture there ave certain frozen-m cybotactic groups formed
by interpenetrating pyridine and ethyl alcohol molecules. Evidently the new
Raman band at 95 cm-1 observed by Kustha (1956) in the Raman spectrum of
such a frozen mixture is produced by frozen-in groups of molecules in which hoth
pyridine and alcohol molecules are present. Since the whole structure is amor-
phous, the intermolecular vibration, which gives rise to this band, must, be confin
od to very small groups of molecules, cacl group containing both types of mole-
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cules. The value of tho [requency-shift mndicates that the weak bond which
holds the two types of molecules together in these smaller groups must be many
times stronger than the Vaun der Waals forces  expocted to he present m the lat-
tice. Hence. all these results indicate that formatwon of some weak honds
hetween pyridine and ethyl alcohol molecules takes place m the [rozen mixture
and very small groups oricnted in the same way in small portion throughout the

volume form frozen-in cyhotactic groups in the amorphous mass
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