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Acetamide Hemihydrochloride : a Case of False High Crystallographic 
Symmetry. Vibrational Spectra of the *Ho and NN'O-2Hs Derivatives 

By Ernest Spinner, Medical Chemistry Group, John Curtin School of Medical Research, Australian National 
University, Canberra, Australia 

The i.r. and Raman spectra of the title compounds have been examined. The i.r. spectrum remains highly anomalous 
after deuteriation. The centre of gravity of the very broad absorption due to hydroxy stretching is ca. 920 cm-l 
for both OH and OD compound. This constancy in frequency is incompatible with a symmetrical 0 H 0 
bond, and shows that the centrosymmetry found for the (CH3CONH2),H+ complex by X-ray and neutron diffraction 
is not the true molecular symmetry. Several i.r.-Raman frequency coincidences are found. The stronger Raman 
bands of (CH,CONH,),H+ all have counterparts in the Raman spectrum of solid CHJONH,; prominent frequencies 
of (CH,CONH,),H+ without good counterparts in CH,CONH2 have counterparts in the CH,C(OH)=N+H2 spec- 
trum, in agreement with structure (11)  for the complex. 

ACETAMIDE HEMIHYDROCHLORIDE was one of the first 
compounds found to exhibit a highly anomalous i.r. 
spectrum with an intense very broad absorption centred 
at  ca. 900 cm-l which is interspersed with some deep 
transmission windows. It is also one of the earliest 
reported 2-4 to have an extremely short hydrogen bond, 
the 0 - - * 0 distance, r ( 0  - - 0), being 2.418(11) A. 
Numerous compounds with this type of spectrum, 
mainly hemi-salts 5-9 RC0,-*HOCOR M+ (M = metal), 
but also ~thers , lO-~~ have been studied by spectroscopy 
and by crystallography. Whether the very short 
apparently symmetrical OH0 bonds in many of these 
compounds actually are symmetrical, and what the 
shape of the potential energy curve is, have often been 
matters of special interest. It is established, however, 
that such highly anomalous spectra (Hadii's ' type ii ') 
are shown also by some compounds in which the hydrogen 
bonds are definitely neither symmetrical nor quasi- 
symme t rical.lO? 1*-16 

diffraction study 
(the latter a t  -150") were carried out on (CH,CONH,),- 
HCl, but the published reports are very brief. The 
crystal has the space group Cih (No. 14; PZJc), with 
two (CH,CONH,),HCl molecules in the unit cell of 
dimensions a 8.22 A, b 8.33 A, c 8.03 A, p 134". The C1 
atoms and the points midway between closely neighbour- 
ing 0 atoms lie on crystallographic centres of inversion. 
According to the neutron diffraction results a H atom 
occupies each 0 * - - 0 midpoint. All other atoms lie in 
general positions. From the angles given it follows that 
the heavy-atom skeleton in the acetamidic moieties is 
planar, and so are the CNH, portions. No HOC or 
dihedral angles were recorded,4 nor were data on inter- 
molecular dispositions. Two N - - - C1 separations are 
given, 2.232 and 2.280 A, but these are both extra- 
ordinarily low values and need to be treated with 
caution; the second closest N - - C1 approach must be 
in excess of 3 A if the structure is to fit the cell dimen- 
sions given by Hughes and Takei; 

The i.r. spectrum of acetamide hemihydrobromide 
from 1 800 to 350 cm-I has now been shown to be almost 
identical with that of the C1 salt, which implies very 
similar (MeCONH,),H+ geometries ; there are also 

Both an X-ray 2 9 3  and a neutron 

cf. also p. 398. 

extensive similarities in the Raman spectra. Its 
structure 17 is only of medium precision, but important 
intermolecular information is given. The space group 
is again C,", with two molecules in the unit cell, of 
volume 420 A3 (cf. 400 A 3  for the C1 salt). The CCON 
skeletons lie in planes which subtend only a small angle 
with the ac plane. If the midpoint between 0 atoms is 
designated (0, 0, 0) one Br is a t  (4, 4, 0) [cj. the C1 atom 
shown in (I)], another a t  (4, 0, 8).  The molecular con- 
formation in the Br (as in the Cl) salt is as shown in (I) 
and the long axis of the (CH,CONH,),H+ complex points 
in a direction roughly from (-&, 0, - 8)  to (+ 4, 0, + +). 
The two close N Br approaches are both 3.41(8) A. 
Though none of the H atoms was located, the CNBr 
angles suggest a linear NH - Br- hydrogen bond to 
the Br atom at  (8,  0, i), and a nonlinear one to that a t  
(i, a, 0) [cf. the NH - - C1 bond implied in (I)]. Intra- 
molecular hydrogen bond dimensions are: r ( 0  - - 0) = 
2.48 A (margin of error not given but presumably ca. 

From the symmetry elements present l8 in space 
group C,", it follows that all four N (likewise 0, etc.) 
atoms within a unit cell are equivalent, and the 
(CH,CONH,),H+ complexes are crystallographically 
centrosymmetric, in both Br and C1 salt. 

The diffraction results do not 4p17 establish whether 
this is a genuine molecular symmetry or whether it is 
the result of averaging over time and space. For a 
comparable case, potassium hydrogen maleate, with 
r ( 0  * * 0) = 2.403 A, the neutron diffraction data are 
accommodated equally satisfactorily l9 by a structure in 
which a proton is a t  the centre of the 0 - - .  0 bond 
(where its maximum in the diffraction pattern appears) 
and by one in which it is off-centre by 0.15 A, i.e. with 
r(0-H) = 1.05 and r ( 0  - H) = 1.35 A, and with 
randomness of the oHo locations in the crystal. For a 
detailed discussion of this type of difficulty, see ref. 20. 

The a $riori possibilities for (CH,CONH,),HCl are 
structures (I) and (11) ; (11) and its mirror image would 
need to be equally abundant in the crystal. {Coplanarity 
of C1 atom [indicated in (I) only roughly] and NH, group 
is not implied, nor is coplanarity of CNH, and CCNO 
skeleton.) The main dimensions that differ are listed 

0.1 A), LCO * - 0 = 112.9" (1.1). 



beneath each; those for (I) are the neutron diffraction 
 value^,^ those for (11) are expected (predicted) values. 
In  (11) r(0-H) is expected to be 0.11 A greater than 
in gaseous H,O; cf. r(F-H) in the unsymmetrical 
F-H - ' F- ion present in the 9-toluidinium salt 21 and 
in gaseous HF: difference +O.lO, A. From a literature 
survey (ref. 22 and other data) most probable values 
were selected for r(C=O), r(C=N), r(CsPcO), and r(Csp--N) 
(variation from compound to  compound ca. 0.02- 
0.03 A). 

The main object of this work was to study the structure 
of the (CH,CONH,),H+ complex by comparison of OH 
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and OD stretching frequency and by a search for 
frequency coincidences in i.r. and Raman spectrum. 
Other matters of interest were (a) the hydrogen bonding 
to Hal- (now found to be of only moderate strength in 
both C1- and Br- salt, in agreement with the N . - * Br 
distances reported 17) ; (b) assignments for the trans- 
mission windows and deuteriation effects on them; 
(c) the 0 * 0 stretching band (not found). 

EXPERIMENTAL AND RESULTS 

Materials.-Acetamide hemihydrochloride sintered a t  
125" and had m.p. 131-133" (lit.,23-26 sinters a t  123"; m.p. 
131", 128-135", 130-131"). Dissolution of (CH,CONH,),- 
HC1 in D20 and rapid evaporation to dryness in vacuo 
(K,C03) gave the NN'O-aH6 derivative. Evaporation to 
dryness of a solution of specimen and KCI (200 mg) in D,O, 
a procedure previously lS found suitable for obtaining 
highly deuteriated discs, is not usable with this compound 
as hydrolysis occurs. The most highly deuteriated disc 
obtained (Figure 1) had a deuterium-content of ca. 90% as 
estimated from NH and ND (stretching) absorption 
intensity. Over 80 min (time for a complete spectral scan) 
the deuterium-content decreased slowly, but visibly. KC1 
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for use in discs was dried in vacuo a t  210". Acetamide 
hemihydrobromide had m.p. 140-142". 

I .r .  Spectra (4 000-200 cm-l) .-These were measured 
with a Perkin-Elmer model 621 dual grating spectrophoto- 
meter, fitted with a frequency marker accessory, and 
flushed with dried air. Both ordinary (complete) spectra 
and spectra with frequency scale expansion (scanned a t  
ca. 5 cm-l per min) were taken. 

Raman Spectra (40-3 600 cm-l) .-These were measured 
with a JASCO model R-300 grating spectrophotometer 
fitted with a Coherent Radiation argon ion laser model 
CR-2SG. Specimens were in sealed glass capillary tubes. 
The wavelengths used for excitation were 4 880 and 5 145 A, 
power range 380-560 mW a t  laser = 270-400 mW in 
sample compartment (specimens were chemically stable, 
over the long scanning times needed to take expanded 
spectra, a t  even higher powers). Strong source emission 
lines, in the range 0-1 100 cm-l with 4 880 A, and 3 000- 
3 600 cm-l with 5 145 A excitation, provided a check on the 
frequency 26 scale calibration; for inclusion in Figure 2 
spectra were chosen so as to be free of these as far as possible; 
source lines still present are a t  77, 266.3, 520.3, and 587.3 
cm-l. The nominal spectral slit widths in the caption to 
Figure 2 apply a t  5 000 A; mechanical (and not spectral) 
slit widths remained constant during scanning; Raman 
intensity a (slit width) 3. 

Spectra in Figure 2.-The specimen of (CH,CONH,) ,HC1 
used consisted of small crystals, and appreciably different 
spectra were obtained by aligning and focusing on different 
points in the specimen tube. Crystal orientation effects 
gave rise to some major variations in relative intensities 
among neighbouring bands, while other bands which 
remained unresolved showed peak frequency variations of 
up to 3 cm-l. Spectra (a) and (b) appear in Figure 2 
because of the good resolution achieved, and even though 
they are not well averaged polycrystal spectra in respect of 
intensities. The (CH,COND2),DC1 was a powder, and 
gave a poorer spectrum, but the relative intensities are 
expected ta  be a good polycrystal average. It is stressed 
that in the ranges 60-200 cm-l and 1 350-1 500 cm-1 there 
are no major differences between ,H,, and ,H5 derivative. 
In these regions spectra very like those in (d) and (e) were 
obtained several times with (CH,CONH,),HCl. 

Range of Present Work and Comparison with Earlier 
Work.--Albert and Badger reported the spectrum of 
(CH&ONH,),HCl to be essentially the same in discs in 
KCl, KBr, and KI, and in mulls. Paraffin mull spectra 
showed poor band definition, now as in the earlier work. 
The spectrum in KBr discs has now been found to be almost 
identical with that in KCl in the range 1 800-330 cm-l, but 
a t  higher frequencies there are differences, in particular the 
NH stretching frequencies are higher in KBr. Double 
decomposition of sample with embedding medium 2' results 
in formation of acetamide hemihydrobromide ; the spectrum 
attributed in ref. 1 to the C1- hemi-salt is actually that 
of the Br- hemi-salt. This was confirmed with a specimen 
of genuine hemihydrobromide in KBr. 

There are considerable discrepancies between an early 
photographic Raman spectrum 23 of solid (CH,CONH,) ,HCl 
and that obtained now (there are no bands below 715 cm-l 
in the old spectrum, and various frequencies differ). These 
are attributable not to orientation effects but to the diffi- 
culty of obtaining solid-state spectra by excitation with 
mercury lamps. 

was re- The Raman spectrum of solid a-acetamide 
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measured. All major acetamide bands have obvious 
counterparts in the spectra of the hemi-HC1 and the hemi- 
HBr derivatives, and the most intense hemi-salt bands can 
all be paired with acetamide bands. The more prominent 
(CH,CONH,),HCl bands that (at least apparently) cannot 
are those a t  3 011, 2 983, 1 716, 1478 ,  1285 ,  1031 ,  765, 
and 232 cm-l. 

l " " l " " ~ " " l ' " ' l " ' ' ~  
DISCUSSION 0 & x x l o M x ) 2 o 0 O a o o 3 o o o 3 5 0 0  

The most important finding is that the centre of Avtcm'l 
gravity of the broad intense i.r. hydroxy stretching 
absorption remains unchanged on O-deuteriation, at 
cam 920 cm-' (Figure 1). Though a precise estimate is 
difficult, as this absorption is unsymmetrical for the 

at 931 cm-l. there is no doubt about the absence of that 

FIGURE 2 Raman spectrum of (a)-(c), (CH,CONH,),HCl 
(small crystals) (d)-(f), (CH,COND2),DC1 (powder). Excit- 
ation wavelengths, power a t  laser, and nominal spectral slit 
widths were: (a) 5 145 k,  380 mW, 2.4 cm-l; (b) 5 145 A, 380 
mW, 2.8 ern-'; (c) 4 880 A, 525 m w ,  4.0 cm-1; (d) 5 145 A, 540 

mW, 4.0 cm-1. Sensitivity was minimum except for (c) where 
i t  was doubled, Dashed Dortions were reconstructed from 

2H5-hemi-salt, and there is a broad transmission window nlW, 2.4 Cm-'; ('1 5 145 500 mW* 4.0 cm-'; (f)  g 8 0  ' 8  550 

substantial 'downward shift of the hydroxy stretching , spectra run at lower sensitcvity or with lowered zero suppres- 
sion; x denotes laser line frequency on O-deuteriation which would be found if 

v1cm-l 
FIGURE 1 1.r. spectrum of (a) (CH,CONH,),HCl (0.96 mg) in 

YCl (200 mg), (b) (CH,COND,),DCl, ca. 90% D (1.5 mg) in 
KC1 (200 mg). In (b) the vertical bars denote that bands 
become more prominent as the D content decreases and are 
assignable to D, derivative(s) ; the vertical arrow denotes 
inverted band due to CH,C(OH)=N+D,CH,COND, ; the 
dashed portion was reconstructed from a spectrum taken with- 
out a KC1 disc in the reference beam 

(CH,CONH,),HCl contained a symmetrical 0 - * H * - * 0 
bond as in (I) (see below). 

There is some further evidence that the (CH,- 
CONH,),H+ and (CH,COND,),D+ complexes are not 

residues relative to one another + all three motions of 
the central H atom), and 25 are Raman- (R-)allowed 
(21 g combinations of motions within the residues + four 
motions of residues relative to one another, including 
0 .  - - 0 stretching). With a factor group symmetry of 
Czh and two complexes in the unit cell (related by a glide 
plane), each i.r,-allowed intramolecular vibration is 
split into one A ,  and one Bu, and each R-allowed one 
into one A ,  and one B, vibration ( A  = polarised in ac 
plane, B = polarised along b-axis). 1.r.-allowed vi- 
brations remain R-forbidden with model (I), and vice 
versa, but where the intramolecular coupling of acet- 
amidic vibrations is only slight the i.r.- and R-allowed 
vibration frequencies may coincide for practical purposes. 

With model (11) all intramolecular vibrations are (and, 
in the disordered crystal remain) i.r.- and R-allowed. 
Most will be essentially vibrations in one of the two 
moieties, CH,CONH, and CH,C(OH)=NH,+, but a t  
times intramolecular coupling will be appreciable, e.g. 
that between C-C-N in-phase stretching in CH,CONH, 
at  28-30 ca. 875 cm-l and C-C-0 in-phase stretching in 
CH,C(OH)=NH,+ at  2930 886 cm-l. The more intense 
Raman bands are expected to originate in the uncharged 
moiety as this is much more polarisable than the 

NH and ND Stretching frequencies (cm-1) in the solid C1- and Br- salts of (CH,CONH,),H+ (lH5) and (CH,COND,),D+ 
(,H5) (discs in KC1 and KBr, respectively) 

lH,*Cl 'H,*Br 2H,-C1 
-7 r-- a-AcNH, I-- 

Vibration a 1.r. R 1.r. R R 1.r. K 
HNH as st 3 310 -3 315 ikz} -3 300 3 340 2 482 2 485 
HN+H as st 3 260 -3 215 3 243 -3 240 2 424 2 420 

3 2901 

HNH s st m? 3 142 m? 3 165 3 157 m? 2 319 
HN+H s st 3 105 m? 3 131 m? 2 298 m? 

a Assignment for structure (11) (see text);  s = symmetric, as = antisymmetric, st = stretching. a Solid a-acetamide. If 
present, masked by intense band close by. 

symmetrical, especially in the NH and ND stretching 
region. versus moiety vibrations). 

(' intramolecular ') vibrations within the complex are 
i.r.-allowed (the u combinations of the 21 vibrations 
within the acetamidic residues + two vibrations of these 

positively charged one (and, conceivably, from moiety 

According to the centrosymmetric model (I), 26 All vibrations in model (11) have obvious counterparts 
in (I) ; e.g. H-N-H and H-N+-H symmetric stretching 
in (11), and the in-phase (g) and out-of-phase (u) combin- 
ation of H-N*+-H symmetric stretching in (I) ; C=O and 
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C=N+ stretching in (11) and the g and zc combinations of 
O-C-N out-of-phase stretching in (I). For most 
frequencies satisfactory assignments are possible with 
either model. However, the NH stretching frequencies 
(in particular) are not at all satisfactorily assignable on 
the basis of structure (I), but are straightforward with 
(11). Therefore only the assignments based on structure 
(11) are listed, both in the Table and in the Supple- 
mentary Publication [SUP No. 22686 (5 pp.)],* in which 
the frequencies outside the NH stretching range are 
tabulated. 

NH and ND Stretching Region.-The number of main 
bands, and the pattern of i.r.-R frequency coincidences, 
is the same for lH, and ,H5 species of C1 hemi-salt and 
for lH,*Br hemi-salt. Given structure (I), the co- 
incidences mean that the intramolecular g-u splittings 
must be very small (at least for H-Nr+-H antisymmetric 
stretching), yet the intermolecular A-B (correlation 
field) splittings have to be large (ca. 60-90 cm-l) to 
account for (a) the number of bands being >2 i.r. + 2 R, 
(b) the separations among bands. This is a highly 
unlikely combination. Moreover, the behaviour of the 
i.r. NH stretching band system of MeCONHD. 
MeCOND,*DCl, when present (in varying concentration) 
as an isotopic impurity in (MeCOND,),DCl, is incom- 
patible with a large NHD-NHD correlation field 
splitting, and, by implication, with large NH,-NH, or 
ND,-ND, A-B splittings. 

As the content of labile protium is raised from 10 to 
20%, the inflection at 3 130-3 110 cm-I [due to NH, 
groups, and barely visible in Figure l(b)J gradually 
becomes more prominent, but the main system, vix. a 
peak at 3 209 cm-l and inflections at ca. 3 310 and ca. 
3 065 cm-1, is merely intensified and otherwise largely 
unchanged in shape. Even with an isotopic composition 
of 25% H-75% D to 30% H-70% D the broadening of 
the peak at 3209 cm-l is not great and the relative 
prominence of the shoulder a t  3 310 cm-l remains un- 
changed. Over this isotopic composition range the 
content of NHD groups with NHD neighbours increases 
greatly, and the absence of appreciable spectra1 effects 
around 3209 and 3310 cm-l shows that NHD-NHD 
interactions, inter- and intra-molecular, are quite small. 
(For typical changes in the spectrum with concentration 
of isotopic contaminant in cases where correlation field 
splitting is appreciable, see HCI-DC1 and DCl-HC1 
dat a.31) 

All NH stretching frequencies observed are above 
3 050 cm-l, which is consistent with only moderately 
strong NH - - * C1 hydrogen bonding [r(N - . C1) prob- 
ably ca. 3.2 A, and certainly 4=3 A unless the N H  * - * C1 
system is far from linear]. 

The 3 050-1 350 cm-l Range.-The following i.r.-R 
frequency coincidences (vi.r. first) are observed : 
(MeCONH,),H+, ca. 3 017-3 013, 2 980-2 982, 2 930- 
2 934, ca. 1 690-1 688, possibly 1 431-1 426; 
(MeCOND,),D+, 3 010-3 011, 2 981-2 980, 2 933- 

* For details of Supplementary Publications, see Notice to 
Authors No. 7 in J.C.S. Perkin 11, 1979, Index issue. 

2 932, 1 486-1 481, 1 4 2 6 1  422, 1 376-1 374 cm-1. 
From the above discussion it is clear that such co- 
incidences need to be treated with caution; nevertheless 
the majority of them are probably genuine. 

Throughout the spectrum, prominent (CH,CON H2),- 
HCl frequencies with no good counterparts in the 
CH,CONH, spectrum have counterparts in the 
CH,CON H,*HC1 s p e ~ t r u m . ~ ~ ~  30 

The 1 3 5 0 4 0 0  cm-1 Region.-In the (spectro- 
scopically especially interesting) region of the hydroxy 
absorption continuum, comparison between i.r. and 
Raman spectrum is more complicated. If a state of 
discrete energy lies within a continuum, and the discrete 
state interacts with the continuum state, the resultant 
absorption curve may have a variety of shapes, depend- 
ing on the slope of the continuum absorption, relative 
intensity of continuum and discrete absorption, and on 
the intrinsic breadth of the The unperturbed 
frequency of the discrete state may coincide with the 
' transmission window ' (or ' anti-resonance ') frequency, 
or may lie anywhere between this absorption minimum 
and the adjacent absorption maximum. Continua 
with anti-resonance dips (albeit not very deep ones) have 
been observed in inelastic scattering spectra, e.g.35 for 
the excitation of 238U nuclei by collision with neutrons 
with energies in the 1 meV region. In principle a 
Raman scattering curve, too, might show broad bands 
with inverted bands appearing as dips. In practice this 
has not been observed either in the present spectra or in 
the Raman spectra of other compounds with ' highly 
anomalous ' i.r. spectra, presumably because O-H 
stretching bands have only low Raman intensities. 

Where vibrations that interact with O-H (or O-D) 
stretching have appreciable Raman intensity, the re- 
sultant Raman curve cannot be expected to bear a 
simple relation to the absorption curve. In the light 
of the above, only the following are considered to be 
genuine i.r.-R coincidences: for (CH,CONH,),H+, i.r. 
1027 cm-1 minimum cum 1047 cm-l maximum-R 
1031 cm-l (probably in-plane bending of methyl H in 
cation), and for (CH,COND,),D+, i.r. 931 cm-l minimum 
cum 966 cm-1 maximum-R 056 cm-l, tentatively assigned 
to mixed cationic C-C-0 in-phase stretching-OD in- 
plane bending (Coriolis coupling between OD bending 
and OD stretching is expected). 

The only very prominent window shown by the ,H5 
complex is that a t  931 cm-1. O-Deuteriation reduces the 
number of windows (see Figure 1) as usual. The 
window at  553 cm-1 which practically reaches the base 
line, like similar ones in various other highly anomalous 
OH spectra (see e.g. ref. 15), is assigned to a vibration 
in which the 0 atom moves with large amplitude along 
the O-H axis, i.e. CCO bending. 

0 - . . 0 Stretching.-None of the stronger bands 
observed, Raman or i.r., is assignable to this vibration. 
R 233 cm-1, weak for (CH,CONH,),HCl present as an 
inflection for the 2H, derivative, and absent from the 
CHJONH, spectrum, is an unlikely v ( 0  * 0), not 
being clearly in evidence for (CH,CONH,),HBr. The 
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naively ‘ predicted ’ v ( 0  - 0) with r ( 0  - 0) = 2.42 A 
and a molecular weight of ca. 60 for the hydrogen- 
bonded moieties is ca. 350 cm-l (see Novak’s 7 Table 5). 

Vibrations of (MeCONH,),HCl and (MeCOND,),DCl 
below 200 cm-l are expected to be residue versus residue 
bending, lattice vibrations, and methyl torsions. 

v(0D) : v(0H) Ratios, the Potential Energy Curve for  
O-H Stretching and the Energy Hypersurface.-Curves 
for strongly hydrogen-bonded systems, crystallo- 
graphically symmetrical ones in particular, have been 
discussed extensively and many (simplified) quantitative 
treatments of double-minimum potentials have 
appeared.5*6*8*38-44 

Normally an X-H stretching frequency is reduced on 
deuteriation by almost 1/24; for a simple harmonic pure 
antisymmetric stretching motion of linear symmetric 
OHO, v(OD0) : v(OH0) = 0.718. Given that in the 
compounds of interest OH stretching is largely pure 
except near the window frequencies, such a ratio should 
be found whenever the 0 . - * H - - 0 system is sym- 
metrical [e.g. with (I)], though small deviations may 
occur, as the centres of gravity of the very broad bands 
are not necessarily accurate positions of the genuine 
v(0H) or v(0D). For several hemi-salts with highly 
anomalous spectra, e.g.99 45 KH (CF,CO,),, KH( CCl3C0,),, 
and RbH(CCl,CO,),, a prima facie case has been pre- 
sented for the presence of a genuinely symmetrical 
0 a . H . - 0 bond (with a symmetric single-minimum 
potential); these do have v(0D) : v(0H) in the range 
0.71-4.74 and thus satisfy the above requirement. 

Large deviations from 0.71, are obtainable only if OH 
stretching is somehow highly anharmonic, or if deuteri- 
ation changes the crystal structure. v(0D) : v(0H) 
Ratios near 1.0 have been reported repeatedly 7*9915 for 
‘ type B ’ salts and other compounds with unsymmetrical 
equilibrium configurations. The majority have 
r ( 0  0) somewhat too long and v(0H) too high to be 
wholly relevant in the present context, but in some 
r ( 0  * .  0) is extremely short (e2.48 A) and v(0H) 
extremely low (1 200-600 cm-l) : e.g.9a BaC,04*H,C,04* 
2H20 has v(0D) : v(0H) ca. 1, v(0H) 1000 cm-l, and the 
hydrogen bond with r ( 0  * - 0) 2.45 A joins the distinctly 
different 46 moieties H2C20, and C,O,-; leucine hemi- 
hydrochloride has v(0D) : v(0H) ca. 0.94, v(0H) 850 
cm-l, r ( 0 - H )  1.06(9) and 47 r(H * * 0) 1.37(9) A 
LO-H - 0 175”, i.e. r ( 0  0) = 2.43 A. 

Thus acetamide hemihydrochloride is notable in being 
a ‘ type A ’ salt (0 - - - 0 bond necessarily symmetrical 
crystallographically), with r ( 0  * * - 0) as low as 2.42 A 
and yet having a very high v(0D) : v(0H). 

Somorjai and Hornig’s result,37 that a v(0D) : v(0H) 
of ca. 1 is obtainable with a simple symmetric double- 
minimum potential for OH stretching if the v = 1 level 
and the energy barrier coincide, has been disputedm,39 
(v = vibrational quantum number). A quite anomal- 
ously high v(0D) : v(0H) is obtainable, however, if 15 

(1) the potential energy curve for hydroxy stretching is 
flattish over a sufficiently prolonged range of r ( 0 - H )  
[the term ‘ flattish ’ embraces the possibility of a shallow 

second minimum around r(0-H) ca. 1.36 A], (2) the 
v = 1 level for OH stretching falls within that flattish 
portion while that for OD stretching is just below it 
(see Figure 6 in ref. 15, also Figure 3, potential Vll, 
in ref. 37, which already shows a bunching together of 
OH energy levels a t  an only short flattish portion). 
For a solid with an extremely short r ( O . . .  0) and a 
symmetric single-minimum potential for 0 H stretch- 
ing [as in (I)] a combination of conditions (1) and (2) is 
not physically rea1i~tic.l~ 

A v(0D) : v(0H) ratio as high as l., in effect rules out 
structure (I) for acetamide hemihydrochloride. 

An isolated complex (11) has two equivalent minima 
in its potential energy hypersurface, but it needs to be 
stressed that the potential energy curve for O-H 
stretching alone is not of the symmetrical double- 
minimum type. The conversion of (11) into its mirror 
image entails, in addition to the stretching of the O-H 
bond by ca. 0.30 A:  in the (initially) cationic moiety, 
compression of the C-0 and lengthening of the C=N+ 
bond, in the neutral moiety, lengthening of the G O ,  
and compression of the C-N bond (all by amounts ca. 
60-100 % in excess of zero-point vibration amplitudes). 
Thus the hypersurface in which an isolated (11) has two 
symmetrically placed equivalent minima (‘ wells ’) is a t  
least five-dimensional. 

In the disordered crystal the position is more complic- 
ated yet, as the conversion of (11) into its mirror image 
moves the positive charge from the left- to the right- 
hand nitrogen atom. This is liable to change the 
repulsions among the charges. At any time, only a 
minority of complexes (11) will have the + and - 
charges around them distributed symmetrically with 
respect to inversion about the 0 0 midpoint (Le. 
with + - - + repulsions not minimised). For the 
majority, the distribution of surrounding charges, and 
hence the molecular energy hypersurface, is unsym- 
metrical, with the two well depths unequal (favourable 
charge dispositions being preferred). 

The multimensionality of the system strengthens 
Somorjai and Hornig’s selection rule for unsymmetrical 
systems: 37 ‘ left well ’ -+ ‘ left well ’ and ‘ right 
well ’ -w ‘ right well ’ only, and no ‘ well to well ’ tran- 
sitions; the line joining the two minima does not (nearly) 
lie within any of the planes within which one single 
vibrational co-ordinate changes. Residence (or linger- 
ing ’ @) times in the individual wells are lengthened and 
the splitting of the energy levels is reduced. It is thus 
not surprising that splittings of acetamidic bands 
analogous to those which Wood 43 predicted, but did not 
observe, for the complex (pyridine),H+ with a double 
minimum are not in evidence for (CH,CONH,),H+. 
Whether there is any interconversion splitting of v(0-H) 
one cannot say; the great breadth of the band swamps 
what splitting there may be. 

Mr. D. T. Light and Mr. S. Brown are thanked for 
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technical assistance. 
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