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COMMUNICATIONS

Flattening of organic molecules under pressure
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The different conformations of molecular compounds play important roles in biochemistry and
organic solid-state technology. Hydrostatic pressure has been apppiacstquaterphenyl to probe

its molecular structure at liquid-helium temperatures. The molecules transform from a twisted to a
planar conformation at a critical pressure of 0.9 GPa. This conformational change results in the
abrupt disappearance of five infrared-absorption peaks. A group-theoretical analysis shows that the
peaks, which correspond to out-of-plane hydrogen bending modes, disappear due to the transition
from a low to a high symmetry. €001 American Institute of Physics.
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With the recent advances in organic light-emitting disorderedphase, the molecule is, on average, plditag.
diodes and laserg,organic materials have received renewed1(b)]. The transition from the ordered to the disordered state
attention for optoelectronic applications. Organic moleculess a result of a competition between two different types of
such as terphenyl and quaterphenyl have been used in blderces. Intramolecular forces, primarily the repulsion be-
laser dyes for over 30 yeatshe conformations of polyphe- tween neighboringrtho-hydrogen atoms, tend to twist the
nyls, in solution and in molecular crystals, affect the opticalrings. Intermolecular forces, which involve the interaction
properties significantly. To probe molecular and crystallinebetween ther orbitals of neighboring molecules, tend to
structures, hydrostatic pressure can be tuned over a wideake the rings lie in a plar.In this study we have used
range™® In general, the vibrational properties of molecular hydrostatic pressure to increase the strength of the intermo-
crystals under pressure have been a subject of fundameniakcular forces Above a critical pressure, the transformation
interest in solid-state physics and chemiStiyere we report  from a low to a high symmetry results in the abrupt disap-
the observation of a “flattening” opara-quaterphenyl mol- pearance of specific IR-active peaks.
ecules at a critical pressure of 0.9 GPa. In contrast to most
high-pressure vibrational studies, which use Raman scatter-
ing, we have used IR spectroscopy to investigate the molecu-
lar structure under pressure. The sensitivity of this technique
has revealed significant changes in the vibrational properties
due to the conformational change dra-quaterphenyl. Our a
experimental and theoretical approach should prove to be
applicable to a wide range of molecular systems.

In polyphenyls, previous experimental studies have used
x-ray diffraction’ and Raman spectroscdiyto investigate
phase transitions. Under ambient conditions, the phenyl rings
are free to undergo torsional oscillations about the single
carbon—carbon bonds. Theoretical studies have modeled the
phase transition mechanism with a double-well torsional
potential'®! At low temperatures and ambient pressure, the b
inner phenyl rings are at an angle of 23° to each other, and
the angle between inner and outer rings is 17°.

A graphical representation of the twisted conformation is
shown in Fig. 1a). Since the phenyl rings are frozen at spe-

cific angles, the phase is referred to aslered At high  FiG. 1. Schematic diagrams para-quaterphenyl in théa) twisted and(b)

temperatures, however, the rings are free to oscillate. In thiglanar conformations. Phenyl rings are represented by the hexagons. The
dipole moments of the carbon—hydrogen pairs are represented by the ar-
rows, for a particular out-of-plane bending mode. In this mode, the upper
3E|ectronic mail: mattmcc@wsu.edu hydrogen atoms are out of phase with the lower hydrogen atoms.
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FIG. 2. IR spectra opara-quaterphenyl taken at pressures of 0.7 and 1.9
GPa, at a temperature of 8 K. Five IR-absorption peaks disappear at high
pressure, as indicated by the arrows. Note that of the three peaks near 860
cm™%, the two lower-frequency peaks shift to higher frequencies while the
highest-frequency peak disappears.

Normalized area

To generate pressures up to 5 GPa, we used a piston-
cylinder diamond-anvil ceft* Type-l diamonds with culet :
diameters of 70Qum were used. After a 25@im-thick stain- 00Ff LA AA A
less steel gasket was indented to a thickness of 400 a o0 o 10 15 20 25 a0
340 um hole was drilled in the center of the indentation.
Nitrogen was used as a pressure medium and was loaded into
the gasket hole, along with the sample by liquid FIG. 3. (8 Peak frequencies of_ three IR_—active m_odes as a function of
mmersioni® To determine the pressure at iguid helum tem- DS, Toe e 5 oerges dlsprear b e e arge
peratures, we measured the IR absorption peak ofvfi€ ¢yt mode as a function of pressure. Solid and dashed lines are guides to
vibrational mode of carbon dioxide impurities in the solid the eye.
nitrogen matrix'®

Mid-IR absorption spectra were obtained with a Bomem
DA8 vacuum Fourier transform IR spectrometer with a KBr sure. The area of the peak at 864 ¢ndivided by the area of
beamsplitter. The samples were kept at a temperature of 8 #e peak at 860 cit is plotted in Fig. 8b). The gradual
in a Janis continuous-flow liquid-helium cryostat with zinc increase in the normalized area before the phase transition is
selenide windows. The spectral range was 500—5000'cm due to a decrease in the area of the peak at 860" cAfter
and the instrumental resolution was 1 tmAn off-axis  the phase transition, the normalized area is zero to within
parabolic mirror and light-concentrating cone focused thesxperimental uncertainty. It can be seen from Figp) 3hat
light through the first diamond and onto the sample. Thehe phase transition occurs between 0.7 and 1.0 GPa. At
light then passed through the second diamond and onto pressures slightly below the phase transition, there appears to
Ge:Cu photoconductor detector. be a softening of the modes at 847 and 860 trperhaps as

IR spectra obtained at pressures of 0.7 and 1.9 GPa aeeresult of nonlinear coupling between the hydrogen modes
shown in Fig. 2. Five peaks disappear at high pressure, amnd the torsional modes of the phenyl rings.
indicated by the arrows. The pressure at which the phase The disappearance of IR activity is illustrated in Fig. 1
transition occurs is evidently between these two pressuregor a normal mode in which the hydrogen atoms bend out of
The pressure was increased and decreased several times, dmel phenyl-ring planes. The arrows represent the dipole mo-
no hysteresis near the critical point was observed in our exments of the four oscillating hydrogen atoms. It can be seen
periments. The disappearance of the IR absorption peaksom Fig. 1(a) that out-of-plane displacements of hydrogen
stands in contrast to Raman measurements pafa-  atoms on one ringhortenthe projection of the dipole mo-
hexaphenyl, in which the area of the carbon—carbon stretcimnent onto the main axis of the twisted molecule, whereas
mode decreases by a factor of 2—3 upon planarizdtion. displacements on the other rifengthenthe projection. This
our measurements, the reduction in peak areas is at leastr@sults in a net dipole moment along the main axis, so that
factor of 25. The reason for this difference is that, in thethe mode is IR active. For the planar conformatidg.
planar conformation, the symmetry is such that the Raman(b)], however, the dipole moment vectors exactly cancel
mode is still allowed but certain IR modes are not allowed. each other, so that the mode is IR inactive. For purposes of

The pressure dependence of three peaks in the rangiustration, it was assumed that an oscillating hydrogen atom
840-870 cm! is plotted in Fig. 8a). The discontinuity in is repelled by the neighboring phenyl ring. This repulsive
the slope of the frequency versus pressure plots suggests theteraction causes the equilibrium position of the hydrogen
presence of a phase transition. More convincing evidence igtom to bend out of its own phenyl-ring plane. An attractive
provided by measuring the peak areas as a function of pregotential would yield the same qualitative result.

Pressure (GPa)
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To obtain a rigorous basis for these observations, wéors and beyond do not interact. For those distant neighbors,
applied group theory to analyze the normal vibrationalthe B; mode that becomes IR inactive is degenerate with a
modes of the molecules. The twisted conformatiorpafa- B, mode that remains IR active. The net result is that five
quaterphenyl belongs to th&, point group. The vibrational distinct frequencies should become IR inactive, in agreement
modes can be classified as follows: with our observations.

I'=29A@ 27B,®328,®32B,. Our assqmption that third-nearest'-neighpor hydrogen at-

oms do not interact may be overly simplistic. In that case,

Modes belonging to th&;, B,, or B3 irreducible rep-  five distinctB; modes would become IR inactive upon pla-
resentations are IR active, for a total of 91 IR-active modesnarization. These modes would probably be stronger than the
For the planar configuratiomara-quaterphenyl belongs to B; modes, so that the five disappearing peaks that we ob-
the D}, point group. The vibrational modes are given by  serve may in fact bé; modes. Investigations of biphenyl

I=21A.®8A ®7B.. @208 @128 and terphenyl under pressure, undgr way in our Iab_orato.ry,
g . 19 1 29 should enable us to determine the identities of the five dis-
®20B,,®20B3,® 1283, appearing peaks with more specificity.

In conclusion, we have observed a phase transition in
. i terphenyl, at liquid helium temperatures, at a criti-
molecule, they axis is out of the plane, and theaxis is in ~ Par&dua ' o
& P cal pressure oP=0.9=0.2 GPa. The planarization of the

the plane. Modes belonging to tBg,, B,,, or By, irreduc- X ) .
ible representations are IR active, for a total of 52 IR-active'° lecules causes _the d|sqppearan_ce of five IR-active peaks.
siven the sensitivity of this experimental approach, future

modes. Therefore, certain IR absorption peaks should disa;?t di b ducted  t b ¢ y .
pear upon planarization, in qualitative agreement with oyp Udies may be conducted to - probe conformations in
observations. more complex organic molecules that are important in bio-

Fundamental frequencies in the range 600—900 ‘tm chemistry.
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analysis, intermolecular interactions were ignored.
With those assumptions, the distinct modes that become

In our convention, the axis is along the length of the
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