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Hydrogen Bond Studies 
115. A ."ld~-III1~ aNI pllls~ prolOIl nwflll~llc rtSOIlllIlt:~ silldy 0/ molUII!ar motiOll ill solid dlmi'lhyf"mmOlllllm Iodide, bromide aNI 
")'drog~1I (lXII/IIU ' 

RoIr Sjoblom 

Inslitute of Clwmiltry, Un'>'4:nily of Uppsall, UppAl •. Sweden 

Abstract 

H)'drol~II bo~d ""dl.,. 1/5. A .. '/dt:./illt! alld pulu prolaN mat"nlc r~~allllllU 
~Iudy al ma/uu/a, II,m/all I" ~<>Iid dlmnlt>'lulllm,,"lum itJdld~. "'''mid~ a"d 
It,d'''te" "xalal~. Sjllblam. R. (In.tilute ofChemi$try, Univcrsilyof Uppsa la. 
P.O. Box 53 1. S·1$1 21 Uppsala. Sweden). 
Cltrmka Sr,ipla (S"'~drll) 1976. 9' (l). 133_136. 

Second moment' and Ipin·lalliec R laxation limes Ire RpOrted for dime,hyl
ammonium iodide. bromide and hydfOccn oxalale in 'he Icmpenlure nnle 
100-400 K. Reln'lion COn'lanlS, lime fICIO ... and Klivalion barrie ... for 
lbe diffeRnl phuQ of the ,"". iou, compOUndJ IR lbo delermined .nd 
discussed. II i. concluded Ihat Ihe mclhylIlOuPSIS wen as Ihe cllio", a , a 
.. hole reorienl in .n compound • . 

introduction 

Pn:vious studies ha\'e re\'ealed Ihat various types of motion arc 
present in the three phases of dimethylammonium chloride [I, 2, 
3]. The low temperature phase is S1able below 260 K and exhibits 
reorientations of the methyl groups only. In the phase slable 
around room tempemture, there is also reorientational motion of 
the cations about their two-fold pscudo-symmetry axes as well as 
about axes parallel 10 the carbon-carbon direl;:lions. The latter 
motion is consistent wi lh the observed rigid X-ray structure [4) 
only if the reorientations of neighbouring cations are highly corre
lated so that the translational symmetry is preserved within most 
of the mosaic blocks (2). These motions a lso take place in tile dis
ordered phase stable above 313 K [51. 

These results have prompted the present investigation of the 
closely related compounds dimethylammonium iodide, bromide 
and hydrogen oxalate (which in tile following wili be denoted by 
DMAI, DMAB and DMAHOX, respectively). 

Experimental 

The compounds OMAI, OMAB and OMAHOX were synthesized 
from dimelhylamine and the corresponding acid. Tlleit composi
tions were checked by X·ray powder analysis and pennanganate 
and hydroxide ion titrat ion. The compounds were purified by 
repeated recrystallisation. Special care had to be taken in the syn
thesis of OMAHOX where several substances can be formed: 

{(CHJ,NH.),C.O" (CH,),NH.· HC.O. 

""d 
«CH,),N HJ.(HC,O.),· H,C,O,. 

The powdered compounds DMAl , OMAB and DMAHOX 
..... ere dried for several weeks over silica gel and then sealed into 

1 Part 114: Chcmial Scrip1l/1l76. II. 127. 

glass phials under vacuum. The single crystal of DMAHOX 
was grown from water solution at room temperature. 

T he registralion of spectra and the evaluation of experimental 
second moments are described previously [2, 61. A Varian AS(:. 
wide·line N MR spectrometer was used for the measuremenU on 
DMAHOX, and a similar but considerably modified inslrument 
at the University of Nottingham for OMAI and OMAB. TIle 
relaxation times \L.'CTe also measured in Nott ingham on a Broker 
8-KR 3215 variable frequency pulse NMR spectromeler, as 
described earlier [7). 

The phases 

Measurement of relaxation time at various temperatures provides 
a sensitive tool for detennining phase changes since the relaxation 
time, in general, changes discont inuously at the u'llnsition tempera
ture. No phase change was observed fo r OMAI in the range I SO-
400 K. OMAB exhibi ts one phase change in th is range, namely at 
amunn l RO 1(. Thephasc:saredenOledby",·OMAB and8-0MAB 
in going from high to low temperature. Both a 8-DMAHOX 
and a y-DM AHOX can be obtained from a saturated waler 
solution of OMAHOX. It has been observed that a po ..... dered 
sample of the P-phase slowly transfOIlT1$ to the y-phase around 
room temperature (over a period of several ..... eeks). The ,-phase 
transforms quite readily to the ",-phase if heated above about 
330 K. When a sample of thiS phase was cooled to a temperature 
a few degrees below this transit ion temperature, it fi rst trans
fonned to the ,·phase, but then, within a few minutes, trans
formed again 10 the P-phase. The P-phase was not observed to 
undergo any rapid phase transition. It thus appears that the 
y-phasc is stable around and below room temperature, and Ihat 
the 8-phase is stable at some higher temperature. The stability of 
the ",-phase, which appears at the highest temperatures investi
gated, cannot be ascertained from the Pl'C$CT1t data. 

Structural aspects 

The crystal structures of DMAI and DMAB are not known. The 
symmetries and approximate cell parameters were obtained from 

Table I. Symmetry and unil ctfl fHlrQ~/tr, /Qr DMA! alld "'
DMABQ/29J K 

Com- Sfllce 
b (A) c CA) P<1 pOllnd ,roup o(A) 

DMAI C2,Cm 11.0365 9.991 1 5.51)3 110.162 
Or ClJ". ±O.OOIl ::0.0009 ±0.0006 ± 0.011 

",_ D MAB Ct or C2/t 1l.9904' 5.SJ52 13.5107 9l.O)o 
-'-0.0012 ± 0.0004 +O.oon ± 0.010 

Ch~mlco Scripla II 



134 R. Sjiiblom 

Til. 1. The Slereosropic view of Ih~ crystal tt~ure of r-OMAHOX at 
room tempenuure (8). 

Weissenberg films, and the final cell parameters shown in Table I 
wcn: oJclermined In a least-squares refinement of 13 (OMAI) and 
53 (ex-OMAB) observed reflexions recorded from powdered samp
les using a Guinier- HlI.gg camera. OMA I, <l-DMAB, <l-DMAC 
15] and jJ-DMAC {4J all exhibit different symmetries as well as 
large differences in their respeclive unit cell dimensions. 

The crystal structure of r-DMA HOX has been determined by 
X-ray dirfl1lttion [8J and is shown in Fii. I. No structural in
formatiOf\ is available for (l- and P-DMAHOX. 

Second moments 

The experimental StCOnd moments are ploued against tempera
lUre for powdered samples of OM AI and OMAB in Fig. 20 and 
2b, respectively. In view of the close similarity between OMAI, 
DMAB and DMAC (dimethylammonium chloride), the results 
of the calculations of the theoretical second moments for DMAC 

• 

'" , .. 3~O TUIl 

Fit. 1. The experimenta!lCCOnd moment Vi. temperature lor polycrystalli"" 
OMAI (2 .. ) and OMA8 (2/). 

" 

5 

• 30 60 90 ". ". ". 
0 ( ° ) 

Til. J. The nperimentat ICCOnd moment " t o orientation an&l~ around the 
uis (0.18j9!l, - 0.00114,0.00757) for . single crYlII I ofy-O MAI-IOX at 
230 K. TM In&le . - 0' corresponds to ~ -(-O.OO9ll , - O.!O I ~t, 0.0(108) 
and . - 90' to b - (0.087 12, 0.01321. 0.08533) ""Mre b is • unit ~tor (ex
pressed in fractional coordinates) parallel to the utern.t mallletic field. 
The solid curve was obtained dirc:clly from 1M uperimental v.tu~, by a On~
dimensionat Fourier anltysis involvinl even term, up to and including 4</>. 
The dashed cUI'Ve shows 1M theomicat ICCOnd moment calculaled on the 
assumption that tM _thyl .rou,," reorient. 

given in Ref. [31 will be used here in attempting 10 delermine the 
motions presen!. Tllc experimental second moment vs. tempera
ture curves also have the same features. Tllc low temperature 
plateaus were not observed for DMAJ and DMAB, but the 
highest observed second moments, 24 and 26 G', respectively, lie 
near the calculated value for a rijid st ructure: 30.3 G'. The experi
mental intermediate Dlateaus of II and 12 G' for DMAT and 
DMAB, respectively, are in reasonable agreement with the value 
calculated of 14.20' which was arrived at on the assumption that 
the melhyl groups reorient rapidly compared with lhe rate corre
sponding to the observed line-width. The experimental second 
moments at the high temperature plateaus of about 3.2 and 3.8 
0 ' for DMAI and OMAB, respectively. are close to Ihose deter
mined experimentally for DMAC; 3.7 [I), 3.4 [2J and 3.4 0' (3) 
(the latter value is the trace of the experimental second moment 
tensor). It was found in the laller study of DMAC thai Ihe 
high lemperature second moment is consistent with Ihe value 
calculated making the assumplions that : (Q) Ihe methyl grouDS 
reorient, (b) the cations reorient about their two-fold pseudo
symmetry axes, and (c) the cations reorient about essentially 
fou r-fold axes par-olilel to the carbon-carbon directions. The 
theoretical second moment fOf DMAC calculated on this assump
tion is 4.21 Gt, and those calculated on the basis of assumptions 

b .,0 

~ f\ . 
OMAII ICHJ '1HH,lIr 

.. 
-

'" ,~ '" ,~ '" Tno 



Molecular motion in dimethy/ommonium iodilk, lNomitk and hydrogt!n oxalotl!. J /$ IJS 
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F". 4. A plo. of 101" T, (experiment.l) VlI. ;nvffSe l(mpe,*ture for poly. 
crysll1line DMAI (h) and DMAB (.h). The solid lirocs .. -ere calculaltd 
ftom 1M p ..... mc'en li~n in Table II . 

Q +b and Q + c are 8.6] and 4.84 G', respect ive ly. The molions in 
DMAI and DMAB can thus be expected to be rather similar to 
those in DMAC. 

A 11101 of experimenla l second moment vs. oricnlalion angle 
for y-OMAHOX is given in Fig. 3. The data were recorded at 
230 K on a plateau in the second moment vs. temperature curve. 

• 
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F'I. ,. A pLol of 101 .. T, (uperomcntal) .... inverse lempen.,ure lOT poly
crystalline DMAHOX (SOl) and for In unknown orientation of • lin,ie 
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The orientat ion axis was determined in a least-squares refine
ment using about 10 reflexions on a four circle X-ray diffracto
meter: a reference angle in the plane perpendit ular to this axis 
had been determined in previous experiments [31. l11eoret ical 
.second moments were calculated from the known X-ra,y structure 
of the i'""phase [81 as described earlie r 131 and using the procedure 

b 
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copta) 01 ,...OMAHQX (d. ,ut). The 50Hd lines ~re caieuJ.ated from the 
pan1lT1Clcrs Jivm in Table It. 
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Table 11. Tht" parOIMftrt orisi"ll in formufa (I) as dtUrmfned from 
Iht txptriml!n/of "'/lIxnl;Oll liml"1 
The ttand. rd deviatiOM a.., based on the lean-s.quare:s ..,linemenlS only 

RM, 
Compound 
Ind phase 

(obs.-a.k.){ C 1"0 F. 
kJ /mole Mmion calc. 10-' .-1 10- " t 

OMAI -<:H, 0068 S4.0± 1.1 7.2 ::0 .6 16.9.t O. 1 
Cation ll.l ±o.4 0.019 ± 0.010 J6.9= 1.6 

P-OMAII -<:H, O.OSO 17.0tO.) 

«-OMAfI - CH, 0.048 54.8:: 1.1 61+0.5 1&.S±0.2 
Cilion IS.2 ± '" 0.026±0.01l 6l± I 

y-OMAHOX -<:H, 0.033 ~.O±o.c; 7.4tO.4 11.I±o.l 
(sins]: 
crystal) 

y·DMA IWX -CII, 0 .041 4H±0.1 11.9± 1.I 17.0±0.1 
(powdu) 

P·OMAHOX -<:H, 0.049 B. l t O.1 20. 1=:0.9 10.2±0.1 
Cation 7S±] 

«·OMA HOX Cation 0.027 #.9::0.6 
(d. te .. ) 

described in Ref. (9]. The broken line in Fig. 1 shows the theoreti
cal second moment 'IS. orientation angle calculated on the assump
tion that the methyl grouP'S reorient The good agreement strongly 
supports lhe assumed nature of the mot ion (the theoretical sec
ond moments for a rigid structure are well outside the range 
shown in the figure). 

Reiaxil lion times 

The experimental relaxation times 'IS. inverse lemperatllre for 
polycrystalline DMAT lind DMAB ~ shown in Fig. 40 and 
4b, re5p«tively. The experimental relaxation limes 'IS. inverse 
temperature for polycrystal!ine DMAHOX is shown in Fig. 50, 
and for an unknown orientalion of a single crystal of y-DMAHOX 
in Fig. 5b. The single crystal became opaque on passing through 
Ihe y to « phase transition, thus indicating the presence of poly. 
crystallinity in the «-phase. 

It has been shown in [9J that, for dynamical processes which 
have sufficiently di fferent correlation times. the temperature 
dependence of the relaxation time should follow the formula: 

-, ~. [" 4" 1 T, - L C, - - ,-, + ---,-, 
,., 1+""", 1 + 40>0" 

(I) 

together with 1", - T./ up (EJk T). 
The parameters in this formula have been determined by least

squares refinements using the e:lperimental data. The results are 
shown in Table II and in Figs. 4 and S where the solid curves were 
calculated from the values given in Table II . 

The reLuation constants corresponding to the minima in the 
relaxation time '1$. temperature curve obtained at low tempera
tures range from 31 to 55 x 10' So,. These values aTe in good agree
ment wi th the value obtained experimentally for reorienting 
methyl groups in DMAC (49 x 10' s-I) but are somewhat smaller 
than the theoretical value (77 x 10' s-·) [lJ. (fhe relaxation con
stant for DMAHOX should actually be mult iplied by 1.125 to 
bc<:ome comparable with the other values sinee the formu la unit 
contains an extra acidic prOlon .) The discrepancy here is probably 
caused largely by the vibralional motion and the fact that part of 
the inter-methyl group interactions have smaller correlation limes 
[9]. As Cllp«ted, the activation barriers fall in the range 10.2- 18.5 
kJ/mole. 

CMmiea Scripta 9 

The experimental points deviate slightly but systematically from 
the calculliloo r.:urvl.""S at and around the high temperature minima 
for DMA I and D M AB in Fig. 4. This indicates that more Ihan 
one kind of motion may COIItribute to the relaxation in this region. 
The relaxation at the highest temperatures for DMAI, .. ·DMAB 
and ,8-DMA HOX, and at all temperatures for ,,-DM AH OX is 
caused by reorientations of the cations as a whole (cf. the discus
sion in the previous seelion). The activation barriers range from 
49 to 7S kJ/mole. 

The detail in these latter motions cannot be extracted from the 
present data; such an analysis would probably require single 
crystal X-ray or NMR data. It is interesting to note, however, 
that the dimethylammonium ion, which has only en symmetry, 
reorients in at least one of the phases in each of the compounds 
studied. 
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