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Infrared Hole Burning and Crystal Structures of Ammonium Tosylate and Ammonium
Triflate
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Spectral hole burning the-ND bands of the title compounds doped with a small amount of deuterium reveals
new types of changes in the conformation in the crystals at low temperatures. Using X-ray diffraction, the
crystal structure of the tosylate is determined and shows ammonium ions that are particularly strongly hydrogen
bonded at one NH. Upon hole burning, the ion pivots about this bond. The triflate forms a crystal with

a number of low symmetry sites. Hole burning one type of ion causes changes in the bands that arise from
the other type. The switch between different types is probably due to a reorientation oftljeoGp of the

triflate ion.

I. Introduction

H2 H3
H9
We have found that the spectra of crystals of many am- o e
monium salts can be hole burned at low temperattrige - N
systematic study of the holes and antiholes reveals details of ~Hio

) H4
the local structure around the ammonium group, and study of

the efficiency of the hole burning and the subsequent decay of

the holes provides |nf0rmat|on on the energy flow n the crystal. Figure 1. ORTEP plot of ammonium tosylate showing the arrangement

So far, most of our studies have been of inorganic compounds, 55 single set of ions with their numbering. In TableBeg is the

such as ammonium sulfates, Tutton salts, and thé lispectral spherically arranged thermal parameter for the heavy atoms and simply

hole burning is particularly useful for studying disordered the isotropic thermal parametei,, for the hydrogen atoms.

systems, which typically have broad, featureless bands. The

hole burning process provides narrow spectral features characHere, we explore one example in which the crystal structure is

teristic of the various environments that give rise to each well-characterized and one in which a phase transition has

frequency interval in the broad band. We have previously used occurred to a new form.

this technique in studying disordered mixed alkali-metal am-  This paper presents the results of the first organic salts we

monium sulfate’* and mixed Tutton saltz® have studied, and we find that the motions of thesRH ions
Many polymers form solid phases that are, at best, only are quite different from those in the inorganic systems. The

partially crystallized, and hole burning shows promise of being ammonium motions in the tosylate and in the triflate also differ

able to elucidate their local structufeln order to do so,  strikingly from one another.

however, we need information on the behavior of model

constituents of the polymer. To this end, we have investigated !l Ammonium p-Toluenesulfonate

two prototypical ionic monomers, monomers that are also of A Crystal Structure. Ammonium tosylate (ATS) easily

interest in their own right: the ammonium salt poluene-  forms crystals on evaporating an ammorieater solution of

sulfonic acid (CHCeH4SO3 NH4, ammonium tosylate) and of  the acid (Aldrich). The crystal structure was determined at 161

trifluoro sulfonic acid (CESO; NH4, ammonium triflate). The K.9

toluenesulfonate is the repeating unit of the polymer poly-  ATS forms an orthorhombic crystal of space gra®®2,2;

(ammonium toluenesulfonatépnd the trifluoro compound is g p,# (No. 19) with unit cell dimensiona = 6.189 A, b =

a model for fluoronated sulfonic acid polymers such as Nafion 7,034 A, andc = 20.324 A andZ = 4. The numbering and

(copolymerized polytetrafluoroethylene and perfluorosulfonic the arrangement of the atoms in one molecule are shown in

acids)? Figure 1, and the coordinates are given in Table 1, together
In this paper we elucidate, as completely as possible, the with the values of the thermal factors.

monomer crystal structures and their hole burning spectra, As for many ionic crystals, the structure consists of the

leaving comparison with the polymers for a later paper. tosylate anions and the ammonium cations packed in alternating
For most organic compounds, the crystal structures have notlayers. The anion layers have alternating tosylates with their

been determined, especially at the low temperatures at whichSO; groups pointing “up” and “down” along the axis. We

we conduct the hole burning. When possible, we therefore startare particularly interested in the hydrogen bonds and these are

by determining the crystal structure and then go on to the hole listed in Table 2. The hydrogen bonds are between the NH

burning. In some cases, the X-ray crystal structure does notand the S@ oxygen atoms. Three of the hydrogen atoms

match the hole burning results, and we conclude that a phaseparticipate in more or less linear H bonds. The remaining

transition has occurred somewhere between the temperature ofydrogen (H) is in a bifurcated H bond. The ammonium ion

the crystal structure determination (either room temperature oris in a site of G symmetry, and each of the H atoms is

170 K) and the much lower temperatures of the hole burning. nonequivalent to the others.

The remaining bond distances and angles, as well as the

® Abstract published ifAdvance ACS Abstract&ebruary 15, 1997. nonbonded contact distances, seem to be normal. The space
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TABLE 1: Atomic Coordinates for CH 3C¢H4sSOsNH, with 0.05

Values of the Isotropic Temperature Factor 1 w
atom X y z aq ;MMWWMVM‘*\ZPPL
s 0.09876(6) —0.00236(8)  0.101395(16) 2.27(2) 0.00 7 100K
01 —0.1343(2) —0.0115(3) 0.10139(5) 3.80(6) .
02 0.1825(3) 0.1727(2) 0.07359(6) 3.87(7) ]
03 0.2007(3) —0.1644(2) 0.06922(6) 3.36(7) -0.05 -| 50K
N —0.4212(2) —0.0022(3) —0.00272(7) 2.59(6) ]
c1 0.1809(2) —0.0095(3) 0.18441(6) 1.97(6) 3
c2 0.0423(3) 0.0535(2) 0.23344(8) 2.21(7) 5 010 30K
c3 0.1104(3) 0.0480(2) 0.29851(8) 2.42(7) 5]

<

c4 0.3132(2) —0.0193(3) 0.31559(7)  2.35(7) 1
cs 0.4492(3) —0.0826(2) 0.26593(8)  2.46(7) ]

C6 0.3854(3) —0.0778(2) 0.20042(8)  2.40(7) 015 - 20K
c7 0.3846(4) —0.0269(4) 0.38647(8)  3.4(1) ]

H1  —0.316(3) 0.004(4) 0.0310(9) 3.9(4) ]

H2  —0.561(4)  —0.010(4) 0.0199(10)  6.5(5) 620 ]

H3  —0.421(5) 0.087(3) —0.0242(11)  4.0(6) 020 7

H4  —0.391(4) —0.106(3)  —0.0299(9) 3.3(5) 1 7K

H5  —0.102(3) 0.104(2) 0.2217(7) 2.1(3) ]
H6 0.017(2) 0.102(2) 0.3324(7) 2.5(4) 0.25 e S S NN
H7 0.593(3) —0.143(2) 0.2796(8) 3.1(4) 2200 2250 2300 2350 2400
H8 0.478(2)  —0.122(2) 0.1678(7) 2.1(4) Frequency (cm™)
HO 0.343(4) 0.080(3) 0.4082(10) 4.7(5) _ _ _
H10 0.285(4) —0.122(3) 0.4098(11) 5.9(6) Figure 2. Infrared spectra of ammonium tosylate, which was doped
H11 0.531(5) —0.042(4) 0.3901(12) 7.5(7) with 5% deuterium to form some NIB*. The spectral region is of the
N—D stretches, and the four bands expected appear at low temperature.
TABLE 2: Hydrogen Bonds in Ammonium Tosylate? Note the rapid changes with temperature. (The structure centered at
about 2350 cm! is uncompensated absorption by £i® the optical
atoms distance/A  angle/deg B/A2®  y/cmic path.)
O H: N 2.758 172 39(4) 22295 0.025
O, H, N 3.144 151 6.5(5) 2312.7
0, Hs N 2.801 162 4.0(6) 2273.0
Os Hs N 2.807 168 3.3(5) 22888 0020 4 v,=2312cm’
O3 H, N 2.978 142 . AN
Off  Hgf N 2.88 174 2236.9 0.015
2 The hydrogen atoms are between the two heavy atoms; the distance < v, = 2288 cm’’
is between the heavy atoms and the angle is th¢1©ON angle.” The < 0010
isotropic thermal factor of the H atorAiThe frequency of the 9
corresponding N-D stretching vibration measured at 7 KFor 5
ammonium sulfate by neutron scattering (ref 20). 5 0.005 7
< v, =2272 cm”!
group is noncentric, but refinement to either of the two 0.000
enantiomorphic forms leads to identi¢alalues, so we assume
that the crystal examined was in fact an inversion twin. -0.005
More details are available as Supporting Information.
B. Infrared Spectra. Our hole burning technique has ~0.010 e
worked on the spectra of Ny®* dilute in NH;-containing 2100 2150 2200 2280 2000 230 2400
crystals. The N-D stretches typically form a series of relatively Frequency (cm™)

sharp bands at about 2300 Tk with patterns of bands  Figure 3. Hole-burning spectra of ammonium tosylate doped with
characteristic of the various possible environments of th¢dN ~ NHsD™ ions at 7 K. Irradiating the bands indicated results in a hole at
bonds. A set of such spectra for ammonium tosylate is shown the position of the irradiation and in antiholes in the other two higher
in Figure 2. The spectrunt @ K shows the expected four bands frequency bands. The lowest frequency B band at 2229.5 cri

- . shows neither a hole on irradiation nor an antihole on irradiation of
and in Table 2, the frequencies of these bands are correlated tQne of the other bands.
the crystallographic ND—O (N—H—0) distances.

Returning to Figure 2, we see that the various changes with  The hole burning was done as in our previous experiments
temperature are continuous, and so no phase transition isusing our difference-frequency lasér.Trying to burn each of
indicated. We can therefore assume that the structure wethe four bands in turn, we obtain the results summarized in
determined at 161 K is the structure over the entire temperatureFigure 3. Irradiating any one of the three higher frequency
range. The four N-D change in different ways as a function bands causes a hole in that band and antiholes in the other two.
of temperature. The highest frequency band (2313%mwhich All attempts to burn the lowest frequency band (2230-m
corresponds to the weak bifurcated H bond, broadens verywere unsuccessful. Some properties of the three holes are listed
rapidly as a function of temperature and disappears from thein Table 3.
spectrum by about 30 K. The rapid change correlates with the  The relaxation times were estimated at 40 K, a temperature
exceptionally large thermal parameter fos (Hable 2). The at which the holes decayed with half-times of a few days. The
next two bands, which arise from the two H bonds of about the decays do return the bands towards their original intensities,
same length, simply broaden and merge into a band which keepsut only partway. In other words, the decay occurs on at least
its integrity up to room temperature. The lowest frequency band two time scales, with the first on the order of days at 40 K and
arising from the strongest H band remains relatively the same the second too slow to determine at this temperature. (We do
for the entire temperature range. not list the times since we do not understand the kinetics.)
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TABLE 3: Properties of the Spectral Holes in ATS

N—D band vn-plem? width/cnr1a area (%)
Il 2272.0 4.24 1.45
1 2288.8 4.88 1.35
\Y) 2312.7 4.85 1.44

afwhh at 7 K.P As a percentage of the original area of the band at
7 K.

The data are consistent with a hole burning process in which
the NH;D* rotates away from the position of the irradiated
N—D. The rotation occurs about the 3-fold axis of the
ammonium-the 3-fold axis that goes through-NH bond 1.
This N—H is held n a H bond considerably stronger than the
other H bonds, and it neither hole burns nor forms antiholes
after hole burning of other bands. The variation observed in
the relaxation rates in the dark for the three holes is presumably
due to the differences in energy among the different orientations
of the NH;sD* ions and to differences in the coupling of the
orientational coordinates to the lattice.

IIl. Ammonium Triflate (ATF)

A. Crystal Structure. The crystal structure of ATF at 20
°C has been previously determin€d.The crystal has space
group P4/nmmor D4y’ (No. 129) withZ = 2. The unit cell
dimensions area = 7.7176(3) andc = 6.052(3) A. The
crystallographic data refined to a highly-symmetric disordered
structure with the layers of the triflate ions alternating with the
ammonium cations in planes normal to thaxis. The triflate
ions are alternatively “up” and “down” along theaxis, a bit

Chen et al.
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Figure 4. Spectrum of NHD*-doped ammonium triflate at 7 K. The
N—D stretching region of the infrared spectrum is shown. The existence
of at least six N-D bands shows that there must be at least two
nonequivalent ammonium sites. The unlabeled bands in the spectrum
are also present in the nondeuterated spectrum and are -AbBt N
stretching bands.

form alternating layers and the three-8—O distances are
about 2.55, 2.58, and 2.67 A, respectivEly* Ammonium
methylsulfonate is similar to the triflate except that the methyl
group is substantially smaller than the trifluoromethyl gréup.
The C, S, and N atoms are in a line, and the three hydrogen
bonds have one ©H—N distance of 2.8 A and two symmetry-

like the tosylate ions discussed above. The C and S atoms eachelated distances of 2.9 A. The remaining hydrogen has no close

occupyc positions, and the F and O atoms are arranged around
these. The six F atoms for the two molecules ogc8p and

16 h positions, and so each crystallographic position has an
occupancy of/s. The O atoms occupy another set of i and h
positions. The ammonium groups occupy the a positions of
D,g symmetry, and all the NH bonds are equivalent. The
hydrogen bonds are from the nitrogen to the disordered oxygen
atoms, with an &H—N distance of 2.49 A to the oxygen in
the i position and a distance of 2.78 A to the two nearest oxygen
sites in the general h position. Comparison to the tosylate (Table

hydrogen-bonding contacts. This would lead to a-IN
stretching spectrum of three bands, two close together and the
third at a considerable distance to higher frequency.

In thinking about the crystal structure of the triflate, the
guestion of possible hydrogen bonding of the ammonium to
the Ck; group arises. The available evidence is not clear. The
highly symmetric molecules ammonium silicon hexafluoride and
ammonium phosphorus hexafluoride form a number of crystal
structures®1” Both of the compounds have cubic crystal
structures at room temperature that change into more asymmetric

2) suggests that these are strong hydrogen bonds, but eaclfiorms at low temperatures. The-NH bonds apparently point
oxygen site has only a fractional occupation and so the averageto the center of the figure formed by a number of-Sior P-F

hydrogen bond is much longer and weaker.
discussion of “average” below.)
As is typical of many disordered crystals, ammonium triflate

(See further

bonds, for example, the triangle formed by three F atoms. This
arrangement could be due to either dynamic effects or static
disorder. In any case, there is no evidence for a simple classical

apparently undergoes a phase transition to a lower-temperaturehydrogen bond. On the other hand, studies of the ionic fluoride

less symmetric ford? When crystallized at 173 K, the structure
is reported to beP412,2, D4* (No. 92), orP432;2, D8 (No.
96), with Z = 8. Only the unit cell dimensions are known,
with a = 7.16 andc = 24.08 A. The unit cell is thus 4 times
that of the room temperature structure with four different pairs
of molecules along the axis. The possible sites for the
ammonium groups are two nonequivalent sets of four a sites of
C, symmetry or one set of eight equivalent b sites @f
symmetry. The a sites would give twoND stretching lines
for each type of ammonium or four lines altogether; the b sites
would give one set of four ND stretching lines.

Since we do not have a complete structure for the ammonium

KF-2H,0 show clear evidence of hydrogen bonding from both
the OD infrared spectrum and neutron diffractién.

The molecule 2-fluoroethanol (GHCHOH), which is
perhaps closer to the triflate ions, has been studied extensively
by both infrared and NMR spectroscopi€sThe most recent
study, which included comparison with model compounds and
with ab initio calculations, concluded intramolecular hydrogen
bonding wasnot important in determining the observed con-
former distribution of fluoroethanol in solution.

B. Infrared Spectra. The N-D stretching region of
ammonium triflate containing some NBI™ is shown in Figure
4. This spectrum is taken at alioti K and shows six ND

triflate, we briefly review the structure of some crystals made stretching bands. These must come from at least two inequiva-
of similar molecules. The crystal structure of oxonium triflate lent ammonium sites. The variation of the spectrum with
(H3O" CH3SGs™) has been measured at a number of temper- temperature is shown in Figure 5. The six bands broaden and
atures by X-ray and neutron diffraction. The H-bond stoichi- come together, and the spectrum collapses substantially between
ometry is different than that of the ammonium compound since 75 K and 100 K. This change corresponds to a phase transition
the oxonium ion has three hydrogen atoms to H bond with the from the P4/nmmstructure at room temperature to the one of
three oxygen atoms of the triflate. The oxonium and the triflate the more asymmetric structures at low temperature.
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' U Figure 7. Results of irradiating each band in turn. Paneisf a
2250 2300 2350 2400 2450 correspond to burning bands | to VI, respectively. The bands form two
Frequency (cm™) overlapping sets I, Ill, V, and VI and Il, Ill, and IV. The clearest is

panel f, which shows the antiholes at I, Ill, and V on burning band VI.

Figure 5. Spectrum of the NgD*-doped ammonium triflate as a ) .
function of temperature. A phase transition probably occurs near 100 For f_ur‘_[her dlscussmn,_see the text. The spectra aiekaand each
K. irradiation was for 3 min.

TABLE 4: N —D Stretching Bands of Ammonium Triflate at
ND: L IE I WY 7K

o.sé - .
0.4 MUL//\L\\A_A N=D band viem? coniaton
i | 2301.5

0.6 -

g A
£ 03 I 2311.5 B. B>
2 jt=8hr 1l 2325.3 A Bs
< 02 v 2352.7 B
] \% 2355.8 A
017 t=0 Vi 2370.8 A
ome
] relatively large area of band Il suggests that it is a double
000 1 722N consisting of the superposition of two B bands. The notation
1 and position of the various bands is summarized in Table 4.
002 ] Burning band 1(A) produces antiholes at,AA3 or A4 (Figure

7a), thus clearly identifying these bands. Similarly burning A
1 As, or A4 produces antiholes at the other three positions (Figure
-0.04 7c,e,f). Burning band Agives a clean result, as does burning
] A, but the other burns give more complicated results. Burning
-0.06 B1 and B (Figure 7b) gives the expected antiholes ataad
2250 2300 2350 2400 2450 Bs. Spectrum d shows the result of burning. B
Frequency (cm™) The burns that result in many antiholes, such as that in panel
Figure 6. Variation of the spectrum of ammonium triflate with time  C, affect both the A and B sites, and this provides evidence for
at 7 K. The sample is cooled 7 K in aclosed cycle refrigerator over  the assignment of band Il as consisting oféhad B;. Similarly,
a p_eriod of abou_Z h and then the spectrum is_followed asa functiqn bands IV and V are a closely spaced pair, and exciting one of
of time. The cooling amounts to a temperature jump and the ammonium yna hajr (spectrum d) tends to affect both the A and the B sites.
girfcr)gPeSnio;v?;vsgr;r;e:h?vg;gti?;ltlg|gn;.ng? ibzoztt?]r_n panel shows a Returning to Figur_e 6, we see that, as a_fur_mtion of tim_e, band
V goes down while | and VI go up; this is the rotation of
We have often found that freshly prepared samples of ammonium A (A — Ay, A4). The B site shows small changes,
ammonium salts are not at equilibrium with respect to the and the shape of the change in band Ill makes it clear that it
distribution of the N-D in the four possible positions about consists of at least two components. The hole burning shown
each ammonium ion and that the spectrum changes with time.in Figure 7 can be repeated at temperatures up to about 30 K.
This is the situation with ammonium triflate, as shown by a However, by 50 K, only band Il can be burned.
sequence of spectra aK in Figure 6. Both the spectra and a Figure 8 shows that the ND holes are narrower in triflate
difference spectrum are shown. On irradiating each of the than in the tosylate (Table 3) and approach that of the narrowest
bands, we see the various holes and antiholes as shown in Figur®—D bands we have se€nHowever, the widths hardly change
7. Comparing Figures 6 and 7, we see that the bands arewith frequency or with temperature €80 K), in marked
connected in two sets, “A” and “B”. In set A are bands I, Ill, contrast to the ammonium sulfate systeins.
V, and VI; in set B are Il, lll, and IV. Note this assignment After a hole is burned, more information often results from
suggests that band Il has both A and B components. The studying the hole decay. We carried out such studies at 30 K,

Absorbance (A-Aj)
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Figure 8. Width of the holes (fwhh) as a function of frequency and I ® | w2302 e’
temperature. The holes are narrow and have a very weak dependence 297
on the frequency. 23 2304 2350 L UL
| L o Froquescy iom 1
8 | L4 Figure 10. Time-dependent decay of the burned spectra. The spectra
1 /® o F-3 illustrated are the difference between the burned spectrum and the
5 ] F e original. In panel a, the decay of the burned band | is shown=a0
4 o r andt = 4 h. In panel b, the decay of the burned band Il is shown.
noop-e . . . .
2 : TABLE 5: Kinetics of the Reorientation of NH3D * lon in
: e P12 Ammonium Triflate after Laser Irradiation

freq/ 10° min™?t hole 10° min?t hole

2] s band (cm?Y) (T=20K) filing® (T=30K) filling®
% 10 - E25%
s 4 o S [ 2302 8.3 89.6 90.5 71.9
g ] et I 2312 35 82.2 3.2 27.6
£ - g i 2326 34 52.9 6.0 90.9
2 4] v F10g 1Y 2352 4.2 66.7 7.4 38.8
2 mEs Y 2356 9.6 89.6 37.3 89.0
o E o VI 2370 17.0 85.2 335 70.9

T
o

aThe hole filling is given as the ratio of the hole and the initial
[ absorbance, i.e. A(— Air)/(Ao — Ar) x 100, whereA, Ay, andA, are
-4 the band absorbance after reequilibration, after laser irradiation, and
[ before irradiation, respectively.

vi Vo I, N, and 1V, that is, the B bands, develop holes which

o v\|[|\ . H subsequently decay on the longer time scale. The second series
0 10 20 30 40 50 0 400 800 1200 of spectra show the results of irradiating band II, causing
Time (min.) Time (min) antiholes at Ill and IV. Now we see the slow growth of the A

. . . antiholes (for example, band 1). We conclude that the perturba-
Figure 9. Recovery of the holes as a function of time at 30 K. Note tion caused by the various irradiations tends to force the change
the order of magnitude difference in the time scales with I, V, and VI . . A .
relaxing much faster than II, 111, and IV. Also note that holes Il and v ©f @ammonium ions from B sites to A sites.
grow as a function of time. There is another attribute that distinguishes between the A

and B sites. The rate of relaxation of the faster A bands

since the decays @ K took unreasonably long times. As we increases a factor of-210 between 20 and 30 K (Table 5). In
have mentioned above, we were still able to burn holes at 30 contrast, the rate for the B bands increases by a factor of less
K. It turns out that the decay occurs on two quite different than 2.
time scales. The faster set of relaxation times belong to the A We have seen indirect motion induced by hole burning in
ammonium group. Figure 9 shows the recovery of the holes only one other experiment. In the mixed Tutton salt @)H
after burning. In Figure 9, panels labeled I, V, and VI show (Co,Nii—x)(H20)s(SQy)2, the hole burning and rapid relaxation
the decay of the holes that result from the A group. These take of the N—D bands are followed by much slower motion of the
a few minutes. The A antiholes decay with comparable rates. HDO molecules on the metal. The motion of the ammonium

The B holes behave very differently. The band Il hole and water molecules must be coupled through a complex
increases in depth (the hole gets bigger) as time goes on. Themultidimensional potential energy.
time scale is also much longehours instead of minutes. The In ammonium triflate, the various possible positions of the F
band IV hole also grows with time, while the band Ill hole atoms and the O atoms provide the likely source of disorder.
decays slowly. The kinetics are more complicated than implied At room temperature, the relatively symmetric crystal has a
by Figure 9. Figure 10 shows that irradiating band | initially range of possibilities. At one extreme, we picture the @fd
causes antiholes at Ill, V, and VI, as we have already noted. SO; groups rotating rapidly and providing an average structure
The holes and the antiholes all decay. But simultaneously bandswith the %/, atom occupancy that is observed. At the other
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extreme, we envision a crystal made up of a disordered irradiation, the holes grow from the beginning. The A and B
arrangement of ammonium ions, each stuck in a different sites must differ by some relatively small rearrangement of the
configuration of the Ckand SQ groups. A possible arrange- molecules of the crystal. We suggest that these sites differ by
ment of this sort is shown in Figure 2 of ref 11. The real the arrangement of the GFgroups and that to transfer
situation is undoubtedly in between these two extremes. At ammonium from B to A requires only a subtle rearrangement
low temperatures, the crystal becomes more asymmetric, but(reorientation) of the neighboring Ggroups.

little is known about the ammonium sites and the possible |n the mixed Tutton salts referred to above, the HDO
disorder. Our infrared results suggest that there are two sites,molecules move after burning the NBit ions. This shows
Aand B. The A site behaves as expected at short times, but atexplicitly that it is possible to propagate a disturbance through
longer times or burning the B site leads to continued depletion the crystal and end up in a configuration not originally present.
of the B bands. Thus, burning either the A or B bands leads to For the triflate, our evidence is indirect since we see only a
a transformation of B into something else, probably A sites. change among various ammonium bands. However, a re-
Rotation of the surrounding Gigroups would accomplish this.  orientation of the Ckis the motion we think takes the least
The behavior of the A bands at long times is complicated and energy. Note that the motion induced is still local in the sense
must involve rates of tunneling of the ion from A to different that burning only a single ammonium ion can induce a

A positions, rates for the transformation of B to A, and rates change-the hole burning does not induce crystallization or other
for the interchange of the B positions. Our data are insufficient massive change in the sample.
to allow determination of all these rates. We note that heating Organic compounds provide an endless variety of conforma-

the crystals to 60 K and recooling 7 K restores the original  tjons. We have just begun to elucidate the motions possible in
spectrum and thus the A/B distribution. some of them.
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