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Temperature dependence of O nuclear quadrupole resonance
frequencies was measured in solid 2-nitrobenzoic acid by a ‘H-""0
nuclear quadrupole double resonance technique. The experimental
results show the presence of a fast exchange of hydrogen atoms
between two nonequivalent positions within the O-H . . . O hydro-
gen bonds. The hydrogen disorder is ascribed to concerted jumps
of two hydrogen atoms within the hydrogen bonds connecting two
molecules in a dimer. The energy difference AE of the two hydro-
gen configurations is equal to AE = 60 meV = 5.8 kJ/mol. The
dipole structure of the YO NQR lines from the C-O-H oxygen
positions was also measured at —100°C and at room temperature.
The orientation of the principal axes of the electric field gradient
tensor with respect to the O-H bond and the sign of the quadru-
pole coupling constant were determined. The oxygen—hydrogen
distance Ry, as determined from the dipole structure of the 'O
NQR lines is at —100°C equal to 0.099 nm. At room temperature
we observe a longer distance, Ro; = 0.101 nm, in agreement with
the hydrogen intrabond exchange. © 2000 Academic Press

Key Words: NQR; double resonance; electric field gradient;
hydrogen bond; carboxylic acid.

INTRODUCTION

temperature variation of th€O nuclear quadrupole resonance
(NQR) frequencies@). This study shows that the hydrogen
disorder in the above three compound is indeed high. The tv
hydrogen configurations of a hydrogen bonded dimer are n
energetically equivalent. The energy differerg of the two
hydrogen configurations is low, on the order of 1 kJ/mol. Ir
4-nitrobenzoic acidAE does not vary with temperature,
whereas in 4-hydroxybenzoic acid and in benzoic atH
decreases with increasing temperature.

The molecules of 2-nitrobenzoic acid also form dimers in th
solid state 8). A hydrogen bonded dimer is schematically
shown in Fig. 1. The length of the hydrogen bonds, i.e., th
oxygen—oxygen distancBo ., is equal toR, o = 0.2645
nm. The position of the two nitro groups makes the twc
possible hydrogen configurations of the eight-membered h
drogen bonded ring nonequivalent. It is not known if the
hydrogen atoms are disordered also in 2-nitrobenzoic acid.

In order to check the possibility of hydrogen disorder and t
obtain some structural data and NQR parameters regarding
O-H ... Ohydrogen bonds we performed the measurement
O NQR frequencies in dependence of temperature. In adc
tion, we measured the dipole structure of th@ NQR lines at

Molecules of benzoic acid and substituted benzoic acid foranlow temperature and at room temperature.

centrosymmetric dimers in the solid state. The two molecules
of a dimer are bound with two equivalent B—. . Ohydrogen
bonds. The length of a hydrogen bond is close to 0.265 nm.
A significant degree of hydrogen disorder has been observed’o has a spin 5/2 and thus in zero magnetic field thre
in solid Carboxylic acid dimers. The hydrogen disorder haﬁ)ub|y degenerate quadrup0|e energy levels. Their energi
been interpreted in two ways. Either the eight-membered hepend on two parameters: the quadrupole coupling const:
drogen bonded ring (Fig. 1) performs 180°-flips around th&qQ/h and the asymmetry parametgrof the electric field
C—C axis () or the two hydrogen atoms in the two hydrogegradient (EFG) tensor. The EFG tensor is a symmetric tracele
bonds perform concerted jumps B~.. O« O ... H-O - second rank tensor composed of the second derivatives
4). The experimental dat®(6) support the model of concertedelectrostatic potential with respect to coordinates. It has thr
jumps with the exception of dimethylmalonic acid where thgsg] principal valuesV,x, Vyyv, and Vs, ([Vid = [V =
180°-flips have been observed)( IV22|). The quadrupole coupling constaefgQ/h = eQV,,/h
Hydrogen disorder in benzoic acid, 4-nitrobenzoic acid, amgl the product of the nuclear quadrupo|e mome@tand the
4-hydroxybenzoic acid has been recently studied analyzing {aegest principal valud/,, of the EFG tensor divided by the
Planck constartt. The asymmetry parametgiis equal ton =
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14 TORKAR, ZAGAR, AND SELIGER

NO» dipolar order transforms back into the Zeeman order and
nuclear magnetizatioM appears. The proton NMR signal is
O———H-0 measured immediately aft&, is restored. It is proportional
AN to M.
C During the timer spent in zero magnetic field the spin—
/ lattice interaction tends to establish a thermal equilibriun
O—H---0 between the proton spin system and crystal lattice. The prot
NO» spin temperature approaches the temperature of the sam
exponentially with the characteristic tim&,(0), which is
FIG. 1. Scheme of 2-nitrobenzoic acid. called the proton spin—lattice relaxation time in zero magnet
field. The proton spin—lattice relaxation in zero magnetic fiels
Van-uz Vs > Vspap = Ve All three transitions are al reduces the magnetizatidl, which reappears in the proton
lowed, except forn = 0 when the high frequency transitionspin system when the magnetic fidR) is adiabatically re
corresponds toAm = 2 and cannot be induced by a rfstored. The proton NMR sign& at the end of the magnetic
magnetic field. The two NQR parameteedgQ/h andm, can field cycle decreases with increasingas S = S,exp(— 7/
be extracted from the NQR frequencies. Since the EFG tendq(0)).
depends on the electric charge distribution around 'fiae A faster relaxation of the proton spin order in zero magneti
nucleus, NQR distinguishes between the C—-O-H oxygen deld, and as a result a lower proton NMR sig&alis obtained
sition and the GO ... H oxygen position. when the “cold” proton spin system in zero magnetic fielc

When a hydrogen nucleus & 3) is placed close to &0 resonantly interacts with a “hot” oxygen spin system.
nucleus the dipole—dipole interaction removes the double de-A strong rf magnetic field with the amplitud®, and with
generacy of the nuclear quadrupole energy levels and the frequencyr equal to a’O NQR frequencyv, induces in
double degeneracy of the proton ground state in zero magnétie oxygen spin system a splitting of the energy levkis
field. Each quadrupole energy energy level splits into a quartet ~ y.B,/27. Herey, is the gyromagnetic ratio of §O
(9,10. A NQR line thus consists in principle of 16 dipolenucleus. This splitting is analogous to the splitting of the
lines. The dipole lines are not sharp due to the dipole—dipa@ergy levels in the rotating frame, as observed in NMR. |
interaction with the rest of hydrogen nuclei. The dipole strucontrast to NMR we obtain in a polycrystalline sample ¢
ture of a NQR line is therefore partially smeared out and tlstribution of Av. The value ofAv namely depends on the
structure of a NQR line can be expressed by the line shapgentation of the rf magnetic field in the principal axis frame
function g(v). Since the dipole—dipole interaction stronghyof the EFG tensor. An appropriate choiceBf sets a typical
varies with the oxygen hydrogen distanRse,,, Hp « 1/R3,, value ofAv equal to the width of the proton resonance line ir
we obtain at the C-O—H oxygen position brd&@ NQR lines zero magnetic field. This is how the resonance interaction
and at the GO . . . Hoxygen position narrow’O NQR lines. the two spin systems is established. If the rf magnetic field |
This helps us in assigning the NQR lines. A precise measudf-resonancey = v, = A, the resonance frequency in the
ment of the dipole structure of the NQR lines gives in additiorotating frame increases. It is approximately equalAto ~
the O-H distanceR,y, the sign of the quadrupole coupling[(yoB./27)> + A?]"Y?. When A exceeds the width of the
constant and the orientation Bf,,, in the principal-axes coer proton NMR line in zero magnetic field, the resonance intel
dinate system of the EFG tens®, (L0. action of the two spin systems is strongly reduced.

The natural concentration dfO is 0.037%. It is therefore  The flip—flop transitions in the two resonantly interacting
hard to observe its NQR frequencies by conventional NQ$pin systems tend to equalize their spin temperatures. T
techniques, especially in the case of a strong oxygen—hydrogetygen spin system which has in general low heat capaci
dipole—dipole interaction, which strongly broadens th@ strongly cools down, whereas the spin temperature of tf
NQR lines. We therefore used a field cycling nuclear quadrproton spin system only slightly increases. In order to keep tf
pole double resonance technique. HER is observed via its oxygen spin system “hot” and to allow a continuous flow of
influence on the hydrogen (proton) NMR signal. energy from the oxygen spin system to the proton spin syste

The sample is first kept in a strong static magnetic figld we use sudden 180° phase shifts of the rf magnetic flelll (
for several proton spin—lattice relaxation times. During thiEach phase shift inverts the population of the two closely spl
time a thermal equilibrium between the proton spin system angygen energy levels transforming the oxygen spin temper
crystal lattice is reached. Then the magnetic field is adiabatite to a negative value.
cally reduced to zero. The Zeeman order of the proton spinA shortening of the proton spin—lattice relaxation in zerc
system is adiabatically transfered into the dipolar order and theagnetic field is observed only when~ v,. If this is not the
spin temperature of the proton spin system drops by nearly faase, the proton—oxygen resonance interaction is strongly |
orders of magnitude. After a timespent in zero magnetic field duced and the effect of the 180° phase modulation of the
the initial magnetic fieldB, is adiabatically restored. Themagnetic field on the population of the two closely split energ

7N\



NQDR IN 2-NITROBENZOIC ACID 15

levels in the off-resonance “rotating frame” becomes weak.
The NQR frequencies are searched by repeating magnetic field 2-NITROBENZOIC ACID
cycles at fixedr and at different values of the frequeneyand LA 70 NQR
measuring the proton NMR sign8l The v-dependence of the — 2.3 [~ °

proton NMR signalS at the end of the magnetic field cycle 3":‘ o
exhibits dips around’ = v,

In the present experiment, the sample was pneumatically—2 ®
moved between two magnets with the transfer time of 0.1 s. In > o 5
the first magnet, the proton Larmor frequency was equal to 32 29 | o °
MHz, whereas in the second magnet the external magnetic field 0
was compensated(< 0.05mT). The time spent in the high
and zero magnetic field was 60 and 0.5 s, respectively. The o
amplitude and modulation frequency of the rf magnetic field o
were equal to 3 mT and 2 kHz, respectively. 21

The dipole structure of the’O NQR lines was measured
using double resonance with coupled multipl@s Here the C=0
proton spin system in zero magnetic field resonantly interacts B e o ° °
with the dipole energy levels of thEO-H groups. In zero o o
static magnetic field we apply two weak rf magnetic fields. The 12
frequencyw, of the first rf magnetic field is usually fixed close :
to an edge of the structured NQR line. The line is scanned with o
the frequency, of the second rf magnetic field, which changes - o C-0-H
in steps between repetitive magnetic field cycles. When bpth o)
and v, lie within the same diploarly broadened and structured o
0O NQR line we observe a continuous flow of energy from the e | | ©
"O—H groups to the proton spin system. The increase of the ~100 -50
proton relaxation ratéA\W depends on the NQR line shape T [°C]
functiong(v) asAW « g(v,) g(v,). In addition,AW quadrati
cally depends on the frequency differengev,. With v, fixed
at the lower end of the NQR line, the scan withgives the
dipole structure of the upper part of the NQR line. The dipole
structure of the lower part of the NQR line is obtained with a The temperature dependence of the absolute védtieg/h|
second scan witlv, fixed at the upper end of the NQR line. of the quadrupole coupling constants and the asymmetry [

In the present experiment the parameters of a magnetic fiedonetersy is shown in Fig. 3. At a &0 oxygen position the
cycle were the same as before whereas the amplitudes of &hsolute value of the quadrupole coupling constant varie
two rf magnetic fields were significantly loweB, = B, = between 7.8 MHz at-125°C and 7.4 MHz at room tempera-
0.3 mT. ture. The asymmetry parameter varies between 0.21 at

—125°C and 0.35 at room temperature. At a C—O—H oxyge
RESULTS AND DISCUSSION position|e*’qQ/h| varies between 7.5 MHz at125°C and 7.1
MHz at room temperature, wheregsvaries between 0.20 at

The 'O NQR frequencies were measured using 180° moe125°C and 0.12 at room temperature.
ulation of the rf magnetic field. The modulation frequency was The temperature variation ¢é°qQ/h| and n is strong and
equal to 2 kHz and the amplitud®, of the rf magnetic field nonlinear. It shows the presence of rather large temperatt
was equal tdB; = 3 mT. The polarization time of the protondependent fluctuations of the EFG tensor at both th&Gnd
spin system in the high magnetic fieR}, B, ~ 0.8 T, was C—O-H oxygen positions. The fluctuations are fast on the NQ
equal to 60 s and the timespent in zero magnetic field wastime scale,wq7. < 1. Herewq is a characteristic’'O NQR
equal to 0.5 s. frequencyvq, vo ~ 1 MHz, multiplied by 2r. No characteristic

The temperature dependence of t@NQR frequenciess, ,, features associated with the slowing down of the fluctuatior
and s, 4, is shown in Fig. 2The full circles represent the NOR (wq7. — 1), like homogeneous line broadening and fast quac
frequencies from the €0 oxygen positions, whereas the openupole spin—lattice relaxation, is observed betweeh?5°C
circles represent the NQR frequencies from the C—O—H oxygend room temperature. Also, the proton spin—lattice relaxatic
positions. The assignment has been made on the basis of tinee atv, = 32 MHz and in zero magnetic field shows no
widths. As seen from Fig. 2, the NQR frequencies exhibit a strosfortening, which is usually associated with the slowing dow
nonlinear dependence on temperature. of fluctuations. We assume that these fluctuations origina
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FIG. 2. Temperature dependence 8D NQR frequenciesvs,.s, and
Vap_12 IN 2-nitrobenzoic acid.
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FIG.3. Temperature dependence of t/® quadrupole coupling constants

and asymmetry parameters in 2-nitrobenzoic acid.

the EFG tensor at the €0 and C—O-H oxygen positions,
respectively.

As concluded on the basis of the previously published da
and theoretical considerations one of the principal axes of
EFG tensor points nearly perpendicular to either the C-O—
plane or the GO .. . Hplane (2). We call the principal value
of the EFG tensor along this out-of-plane principal axis. In
the case of a hydrogen exchange in arHO-. O hydrogen
bond the direction of the out-of-plane principal axis at a givel
oxygen position does not vary in time. In order to determin
the energy differencAE and the static valueg ;;(C=0) and
V 35(C—0O—-H) we may therefore instead of the tensor equatior
[1] use scalar equations

1+S
(V3(C=0)) = Tvss(c =0)
1-5S

+ 55 Vs(C-0-H)

1+S
(V33(C-0O-H)) = T V33(C-0-H)

+ T V33(C = 0). (2]

In the case of a benzoic acid dimer and substituted benzoic a
dimers with the hydrogen bond length of approximately 0.26
nm the out-of-plane principal valués; of the EFG tensor is
Vyx at the GO oxygen position and/, at the C-O-H
oxygen position. Thé’O quadrupole coupling constant is at
the C—O-H oxygen position negative, whereas at theOC

from a fast exchange between two nonequivalent hydrogen

configurations of the eight-membered hydrogen bonded centr
ring. The characteristic time, of the fluctuations is much
shorter than 10 s. In such a case we experimentally obser
a time-averaged EFG tensor. lRtepresent the probability of
finding the central ring in the energetically lower hydrogen

configuration. It is equal t®® = 1/(exp(—~AE/kgT) + 1),

where AE is the energy difference of the two hydrogen co
figurations. We further define the hydrogen order parantgte
asS = 2P — 1. The order paramet&is in case of a complete
order P = 1) equal to 1, whereas it is in case of a comple
disorder P = 3) equal to zero. The time-averaged EFG tenso
(V) at the G=0 and C-O-H oxygen positions read in terms oﬁ]

the hydrogen order parameter as

2

1+S
(V(C=0))=",V(C=0)+ V(C—0-H)

2

1+S
(V(C-O-H)) = =5~ V(C-O-H) + V(C = 0).

(1]

V

n

Oxygen position it is positiveg, 12).

he temperature variation @V ;3(C=0)) and (V ;3(C—-O-
H)), both multiplied byeQh, is shown in Fig. 4a. At the
E_o-H oxygen positiofe QV ;5/h) decreases from 4.50 MHz
at —125°C to 3.85 MHz at room temperature. At the=O
oxygen position{eQV/h) increases from—3.10 MHz at
—125°C to —2.45 MHz at room temperature. The sum
§'er33(c=0)/h> + (eQVa(C-O-H)h) is equal to 1.41
MHz. It is temperature independent in agreement witl
texpressions [2]. The differencgeQV ;3 (C-O-H)h) —
feQV%(C:O)/h) is proportional to the hydrogen order param
RerS. Its temperature dependence can be used to determ
e energy differencAE of the two hydrogen configurations
and the static valuesQV ;(C=0)/h and eQV ;3(C—O-H)h.
The best agreement with the experimental data is obtained
AE = 60 meV= 5.8 kd/moleQV;(C=0)/h = —3.14 MHz,
andeQV ;3(C-O-H)h = 4.55 MHz. Thelast two values are
close to the values obtained from the correlation diagram |
Ref. (12), which correlates the out-of-plane principal values o
the EFG tensor and the length of the hydrogen bond. Figure -
shows the temperature dependence of the hydrogen order
rameterS as determined from the differendeQV ;3(C—O-

HereV(C = O) andV(C—O-H) represent the static values ofH)/h) — (eQV 33(C=0)/h).
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Ron = ((101+ 0.001) nm. The two distances seem to be equi
Q) within the experimental error, but they are not. The experimer
r—N'l o 4 C—0—-H tal error is mainly caused by the partial smearing of the dipol
- bb o o structure of the NQR line caused by the dipole—dipole intel
= i o 4 action with the rest of hydrogen nuclei. The NQR lines are ¢
— o —100°C by 5% broader than at room temperature, as seen a
M 381 © in Fig. 5. If we assume that the hydrogen exchange model
C>5 £ 5= valid then the above technique gives the time-averaged ox
o| -24 C=0 . ° gen—hydrogen distand® defined as13, 19
97 - °
27 . ° 1 1 1
30, e | o | ' ?ZPRTO_HJF(l_P)Rg“H' (3]
o0 50 0 T [oc] Taking into account the energy differend&, AE = 60 meV =
5.8 kJd/mol, of the two hydrogen configurations as obtained frot
S |o b) the temperature dependence of tf@ NQR frequencies and the
O hydrogen bond lengtRy. . o, Ro..0 = Ron + Ro. v = 0.265 nm
095 - o we obtain a good agreement between the experimentally det
o mined oxygen—hydrogen distances and expresSipii Ry =
0.90 I o (0.099 nm= 0.001) nm. Here we assume that theHD~. O
: o hydrogen bond is linearZ(O—H . .. O= 180°). Small deviation
0.85 — o
' | o '"H— 170 DOUBLE RESONANCE IN
|
-100 -50 O'TEC] 2-NITROBENZOIC ACID
FIG. 4. Temperature dependence of the out-of-plane principal values of the T=25 °C

EFG tensor multiplied by (2@Qh and of the hydrogen order parameter )
X OOOoO xxXxXxXXOOoO

Knowing the energy differencAE one can, using expres- "
sions [1] from the experimentally determined temperature de- =+
pendence of the time-averagé@® quadrupole coupling cen g xX o x go o o
stant at the &0 and C-O-H oxygen positions (Fig. 3),
calculate their static values and the anglbetween the prin- 2
cipal axisZ at a given oxygen position when the hydrogen >
atom is close to the oxygen atom (O—H) and the principal axis \I,(
Z when the hydrogen atom is fad(. . . H). Thebest agreement
with the experimental data is obtained when = 75°,
eQV,(C=0)h = 7.83 MHz and eQV,(C-O-H)h =
—7.50 MHz.

The dipole structure of th€O NQR lines from the C—O-H
oxygen position was measured -ail00°C and at 25°C using
double resonance with coupled multiplets. Spectra showing the
dipole structure of the NQR line corresponding to the
transition are shown in Fig. 5. At both temperatuiRg,, lies o, ©°
in the X—Z plane of the EFG tensor forming an angle of 55° x°
5° with the principal axiZ. The quadrupole coupling constant \L(O) \I/(x)
is negative. These results confirm that the out-of-plane princi- :
pal axis at the C—O-H position is indeed tieaxis and that 110 115 1.20
Vi = Vo > 0, v, [kHz]

. The oxygen— hydrogen dIStan@)'H a_s determined from the FIG.5. Dipole structure of thé’O NQR line corresponding to the 3/2-1/2
dipole structure of thé’O NQR lines is at—100°C equal t0 transition at—100°C and 25°C as obtained by the two-frequency irradiation
Ron = (099 = 0.001) nm. At room temperature we obtairhe arrows represent the fixed frequengy

o) T=-100°C X XX 0 0%00
x X [e)

X xééo X ©

Proton signal
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7 termolecular proton dipole—dipole interaction. As a result wi

L% expect a strong influence of this motion on the proton spin—lattic

55° relaxation time. Several years ago we made an attempt to det

0O H-———————— mine the’O NQR frequencies in dimethylmalonic acid where the

/ \ molecules are indeed performing 180°-flips. Unfortunately, th
\X \ proton spin—lattice relaxation time is close to the zero magnet

— C— field very short, much shorter than 0.1 s, which is necessary
\\\\ / perform a double resonance experiment. We observed suct

0———————H——0 short proton spin—lattice relaxation time, which is most probabl
due to the 180° molecular flips, in a broad temperature regic

7 130° y between—130°C and room temperature. In contrast to dimethyl
malonic acid, we observe in solid benzoic acid and substitute
benzoic acid long proton spin—lattice relaxation times, which onl

o——————H—o0 weakly vary with temperature.
—C/ \ . CONCLUSIONS
\ / Strong temperature variation of tH€0 NQR frequencies
O0—H-—"————— 0 has been observed in solid 2-nitrobenzoic acid. The tempel

ture variation of the principal values of the EFG tensor, a
Getermined from the NQR frequencies, is in agreement wit
the model of concerted jumps B=..0 < O...H-0 of
hydrogen atoms in two hydrogen bonds connecting a hydrog
from the linearity, as generally observed in theHD—. Ohydro- bonded dimer. The two hydrogen configurations of the eigh
gen bonds, does not change our conclusion. The temperammembered hydrogen bonded ring are not energetically equi
variation of the widths of th€O NQR lines agrees with the modelalent. The energy differenceE, AE = 60 meV= 5.8 kJ/mol,
of concerted hydrogen jumps. in a 2-nitrobenzoic acid dimer is larger comparedAtd in a
The most probable orientation of the principal axes of tHgenzoic acid dimer and in parasubstituted benzoic acid dimel
EFG tensor at the C—O—H and=© oxygen positions is shown AE is also temperature independent. The large valu®Bin
in Fig. 6. At the C—O—H oxygen position, theaxis forms an 2-nitrobenzoic acid is presumably the consequence of the p
angle of 55° with the O—H bond as determined from the dipogition of the substituent, which makes the two oxygen atoms:
structure of thé’O NQR lines. At a given oxygen position thean O—H . . . Ohydrogen bond nonequivalent.
angley between th& axis in case of a close hydrogen (O—H) The characteristic time of the concerted proton jumps i
and theZ axis in case of a distant hydroge® (. . H) isequal much shorter than 10 s.
to 75° as determined from the temperature dependence of theasurement of the dipole structure of tH® NQR lines
time-averaged EFG tensor. Thus in case of a distant hydrogesm the C—O—H oxygen position gave the oxygen—hydroge
the most probable angle between therincipal axis and the distance, which is at 100°C, equal t&R,; = (0.099+ 0.001)
O ... H direction is 130°. These results are close to thosen. At room temperature, we observe 5% narrowér NQR
previously observed in related hydrogen bonded systé&ns (lines, this corresponds to an increase in the oxygen—hydrog
It is worth noting what we expect in case of a 180° reordistance of 0.002 nm. The increase of the oxygen—hydrog
entation of the eight-membered hydrogen bonded ring. Firgistance is assumed to be dynamic nature. A fast motion of
the out-of-plane principal axis reorients for 180° what does nbydrogen atom between two nonequivalent positions within &
change the principal valu¥ ; of the EFG tensor. Thus aO-H ... Ohydrogen bond partially averages out thé&-"0
temperature independent principal valig is expected. In the magnetic dipole—dipole interaction.
case of the C—O-H oxygen position, where the orientation of The 'O quadrupole coupling constant at the C—O-H oxyge
the principal axisZ with respect to the O—H bond is experiposition is observed to be negative. The principal vatuef
mentally determined, we expect a fluctuation of the principtiie EFG tensor points perpendicular to the C—O-H plane. Ti
axis Z between two orientations separated by 110° (Fig. @nost probable orientations of the principal axes of the EF
Such a fluctuation strongly affects the two in-plane principénsor at the C—O—H oxygen position and at the@oxygen
values of the EFG tensor. A similar outcome is true also for tip@sition are deduced from the dipole structure of fiieNQR
C=0 oxygen position. These expectations disagree with thees and from the temperature dependence of the princip
experimental observation§O NQR thus supports the modelvalues of the EFG tensor.
of concerted hydrogen jumps. It is shown that a 180° reorientation of the eight-membere
In addition, 180°-flips of molecules strongly modulate the ifaydrogen bonded ring around the C—C axis does not affect tl

FIG. 6. The most probable orientation of the principal axes of the EF
tensor at the C-O—H oxygen position and at the(. . . H oxygen position.



out-of-plane principal valu¥ ;; of the EFG tensor, whereas the 6.
two in-plane principal values are strongly affecté® NQR

NQDR IN 2-NITROBENZOIC ACID

data do not support this model.
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