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The laser-induced fluorescence excitation spectrum of 7-amino-4-(trifluoromethyl)coumarin in a supersonic jet has 

been recorded in the 340-352 nm region. The electronic band origin was observed at 28622.8 cm-1. Vibrational assign

ments for the three fundamental low-frequency modes and eight combination bands have been made for the Si electro

nic excited state. The out-of-plane vibrations of 난lis molecule have been characterized from the low-frequency assign- 

ments of the spectrum. The periodic potential energy function for the CF3 torsion, which satisfactorily fits the observed 

data, were also determined to be 7(0)=95 X (l-cos3(|))-32 X (l-cos6(I>) where 0 is the torsional angle. The relatively 

low torsional barrier of 99 cm-1 in Si state could be explained by the small steric interactions between the functional 

groups attached to a bicyclic ring.

Introduction

The laser-induced fluorescence (LIF) spectroscopy toge

ther with a supersonic jet cooling system has provided very- 

useful means to study the conformational dynamics of ring 

compounds in their electronic excited states. The free-jet 

expansion technique allowed for much simpler spectroscopic 

analysis since the supersonic expansion cooling eliminated 

a great number of the hot bands. In recent years, the out- 

of-plane vibrations of various ring compounds have been su

ccessfully analyzed using this jet-cooled LIF technique. For 

example, a number of papers about the vibrational potential 

energy functions in their electronic excited states for the 

ring-twisting and ring-bending vibrations of benzene-fused 

rings,1 the C = O wagging vibrations of carbonyl containing 

rings,2 and the CF3 torsions of aminobenzotrifluorides3 have 

been reported. In the present paper, we have investigated 

7-amino-4-(trifluoromethyl)coumarin (7-ATC) which includes 

all the three out-of-plane vibrational modes (ring-bending, 

carbonyl wagging, and CF3 torsion) in order to better under

stand the out-of-plane conformational dynamics in its elect

ronic excited state.

7-ATC is one of the well-known laser dyes which can be 

used for tunable high power lasers. This compound has 60 

vibrational modes. Among these vibrational modes, the low- 

frequency out-of-plane vibrational modes are of special inte

rest because they determine the equilibrium conformation 

of the ring compound. In this work, we have recorded the 

jet-cooled LIF spectrum of 7-ATC and used these data to 

assign the low-frequency vibrational frequencies in its Si ele

ctronic excited state. In addition, we have determined the 

periodic potential energy function for the CF3 torsional mode 

of this molecule. The results have allowed us to understand 

the out-of-plane conformational structure of 7-ATC as well 

as to determine the CF3 torsional barrier in its Si state.

Experimental

The supersonic free jet apparatus consists of a vacuum 

chamber, a pulsed valve, and a pumping system. The cham

ber is basically an 잉' o.d. stainless steel 6-way cross. It is 

pumped with 6" diffusion p냐mp (Varian VHS-6), which is 

equipped with a liquid N2 cold trap and backed w辻h a rotary 

with a pumping speed of 600 Z/min. The pressure of the 

chamber is below 2.0X10-5 torr during operation of the va

lve. The pulsed valve made by slight modification of a fuel 

injector of automobiles is appended to the top flange of the 

chamber and the jet directs down into the diffusion pump. 

Two-side arms with 3-4 irises and threaded tubes inside 

are attached to the chamber to block the room light and 

the scattered laser light. On the port perpendicular to the 

directions of the jet and side-arms, a view port for a photo

multiplier tube (PMT) is placed to detect fluorescence.

Solid 7-amino-4-(trifluoromethyl)coumarin placed inside 

the pulsed valve maintained at 130 t sublimes into the He 

carrier gas. The mixture was expanded through a nozzle 

with a 0.5 mm diameter. The stagnation pressure was kept 

at 600 torr for most of the experiment but sometimes dec

reased down to 300 torr or increased to 2.0 atm to find 

out the hot band transitions. The output beam from a pulsed 

dye laser (Lambda Physik SCANmate 2E) pumped with the 

second harmonic output of a Q-switched Nd : YAG laser 

(Spectra Physics GCR-150) was frequency-doubled in a KDP 

crystal. The ultravi이et (UV) output was separated from the 

fundamental and crossed the supersonic jet at 15 mm from 

the nozzle. The laser pulse and nozzle opening were synch

ronized with a home-made delay pulse generator. Fluoresce

nce from the excited molecules was collected with a 2" dia

meter quartz lens, filtered with a color filter and an aperture, 

and then detected with a PMT (Hamamastu H1161). The 

PMT signal was integrated with a gated integrator (SRS 250), 

digitized, and stored with the laser wavelength in a personal 

computer. Fluorescence excitation spectrum of 7-ATC was 

recorded from 340 to 352 nm, which corresponds to the fre
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quency region where the Si<-S0 transitions take place. The 

energy of the excitation pulse was kept <500 pj and the 

laser beam was unfocused to avoid saturation of transitions. 

The optogalvanic spectrum of a Ne hollow cathode lamp pro

vided a frequency calibration for the dye laser with an accu

racy of ± 0.3 cm-1. The 7-Amino-4-(trifluoromethyl)coumarin 

sample was purchased from Exciton, Inc., and used without 

further purification.

Vibrational Assignments

7-ATC is expected to be a non-planar structure in its Si 

state and belongs to G symmetry. Figure 1 shows the low- 

frequency LIF spectrum of 7-ATC which has been recorded 

in the 340-352 nm region. The electronic band origin was 

observed at 28622.8 cm-1. Table 1 shows our vibrational as

signments for the LIF spectrum of 7-ATC.

An intense series of bands at 35.3, 89.3, 142.7, and 183.3 

cm-1 was assigned to the CF3 torsion. The band progression 

is very similar to that of aminobenzotrifluorides3 and these 

four transitions have been used to determine the CF3 torsio

nal potential energy function of 7-ATC. The next lowest fre

quency band series at 57.3, 106.5, and 142.7 cm-1 was assig

ned to the ring-bending vibration. This assignment is consis

tent with the frequencies of corresponding vibrations of cyc

lic ketones.2 An approximate barrier height of 170± 50 cm-1 

was calculated from these three transitions, even though we 

could not determine the accurate ring-bending potential ene

rgy function. A couple of intense bands at 283.5 and 288.6 

cm-1 were assigned to the d2 and 0~>3 carbonyl wagging 

transitions based on the the LIF spectra for the recently 

reported cyclic ketones.2 Unfortunately, the further progres

sion, which is necessary for the determination of carbonyl 

wagging potential, was not found in higher frequency region. 

The disappearance of fluorescence over 450 cm-1 might be 

caused by the twisted intramolecular charge transfer conver

sion to the ground state. Nontheless, the small split of 5.1 

crrL between 5说 and 5武 bands indicates a relatively low 

potential barrier for the carbonyl wagging vibration. The low 

potential barriers for both ring-bending and carbonyl wagging 

vibrations in their electronic excited states could be explai-
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Figure 1. Jet-cooled laser-induced fluorescence excitation spect

rum of 7-Amino-4-(trifluoromethyl)coumarin. Each progression 

for the CF3 torsion is marked with an *.  
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ned by the fact that the conjugation effects between the car

bonyl group and ring n bonds maintains the carbonyl oxygen 

and the six-membered ring in the plane of the benzene ring. 

Eight combination bands were also observed and these confi

rmed our vibrational assignments for the LIF spectrum of 

7-ATC.

Potential Energy Function for CF3 Torsion

The wave equation for the internal rotation can be expres

sed by

2游5=珈 ⑴

where B is the internal rotational constant and 4)is the phase 

angle. Laane et al.3 developed a computer program to calcu

late the eigenvalues for the periodic potential function

V=^ £ K(l —cosg) (2)

z K = 1

where V„ is an w-fold barrier. We used this program to cal

culate the energy levels and eigenfunctions for the CF3 tor

sion of 7-ATC. In this case, the torsional potential is suppo

sed to be the following form by the symmetry.

W=y Rd—cos36+§K(i—cos66 (3)

The potential barrier is determined by both 卩3 and values. 

Gordon et al.3 determined the CF3 torsional potentials of 2- 

aminobenzotrifluoride in the So (barrier=450 cm-1) and Si 

states(barrier = 240 cm-1) using their LIF spectra and the 

program mentioned above. For this molecule, the rotational

Table 츠. Observed S transition frequencies (cm ') and assign

ments from the fluorescence excitation spectrum of 7-Amino-4- 

(trifluoromethyl)coumarin

v (cm-1)
Displacement 

from origin (여)
Assignment

28622.8 0.0 어 band origin

28658.1 35.3 6 여 CF3 torsion(0-2)

28682.1 57.3 59： ring-bend(0-2)

28714.2 89.4 6 여 CF3 torsion(0-4)

28731.3 106.5 5 여 ring-bend(0-4)

28767.5 142.7 60? or 59? CF3 torsion(0-6) or

ring-bend(0-6)

28773.5 148.7 6여 59： torsion(0-4)+bend(0-2)

28808.1 183.3 6 여 CF3 torsion(0-8)

28873.0 241.3 6여 5어 torsion(0~8)+bend(0-2)

28908.3 283.5 5禺 C=O wag(0-2)

28913.4 288.6 5陶 C=O wag(0-3)

28941.4 313.6 6여 58? torsion(0-2) + wag(0-2)

28949.0 321.2 6여 5여 torsion(0-2) 4- wag(0-3)

28970.4 342.6 5어 58： bend(0-2) + wag(0-2)

29006.3 378.5 6여 5贵 bend(0-4)+wag(0-3)

29036.6 408.8 5여 58： bend(0-4)+wag(0-3)

29066.4 438.6 6여 5房 torsion(0-6)+wag(0-3)

Assignment notation [vz-T indicates a transition for v;.
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Figure 2. Average square deviation, (observed-calculated)2, in 

the calculation of transition frequencies as a function of rotational 

constant.
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Figure 3. The CF3 torsional potential energy function for 7- 

Amino-4-(trifluoromethyl)coumarin in its S state.

constant for the CF3 torsion, attached to a benzene ring, 

was assumed to be constant (8 = 0.286 cm-1) because this 

compound does not include any large-amplitude vibrational 

ring mode. In the case of 7-ATC, however, a significant cont

ribution to the rotational constant may be made by the out- 

of-plane vibration because the large amplitude of vibration 

changes the reduced mass of this m이ecule by changing the 

center of mass point during the vibration. The variation응 
of rotational constants with ring-puckering vibrations were 

previously reported for cyclobutanone and methylene-cyclo- 

butane.6 In order to get a reasonable rotational constant of 

7-ATC, we utilized a routine in the program which allowed 

us to fix the potential barrier to a particular value and then 

optimize the rotational constant to obtain the be아 frequency 

fit. Figure 2 shows the average square deviation as a function 

of rotational constant. The best fit of CF3 torsional potential 

to the observed values was obtained when 8=0.69 cm-1, 

73=190 cm-1, and V%=64 cm-1. Figure 3 shows the periodic 

potential energy function and the vibrational transitions for 

the CF3 torsion of 7-ATC in S state. The low torsional ene

rgy barrier “of 99 cm-1 in this figure may be due to the 

less steric interaction compared with the illative high barrier 

(240 cm-1) of 2-aminobenzotrifluoride.2 Table 2 compares the 

observed data with the frequencies calculated for thi유 poten

tial function and they show very good agreement. Only even 

transitions were observed in the LIF spectrum because the 

torsional mode is non-totally symmetric. The selection rule 

for this vibrational mode was reported by Gordon et al.2

Table 2. Observed and Calculated Energy Spacings (cm-1) for 

the CF3 Torsional Vibration of 7-Amino-4-(trifluoromethyl)cou- 

marin in the S state

Observed Calculated0

d2 35.3 37.7 — 2.4

0->4 89.4 89.6 -0.2

d6 142.7 142.4 0.3

d8 183.3 183.1 0.2

rotational constant B=0.69 cm '; V(0)=95X (l-cos3([))-32X (1- 

cos6(j>). b observed-calculated

Conclusions

The LIF spectrum of 7-ATC did a good job to characterize 

the low-frequency out-of-plane vibrations in the Si electronic 

state. Both ring-bending and carbonyl wagging vibrations 

showed r이ativ이y low potential barriers due to the conjuga

tion effects between the carbonyl group and ring n bonds. 

We also determined the CF3 torsional potential energy sur

face up to about 180 cm^1 from the four intense series of 

bands in the low-frequency region. The low CF3 torsional 

barrier (99 cm-1) could be explained by the less steric inte

ractions between the functional groups attached to a bicyclic 

ring. However, the vibrational study in its S。electronic 

ground state, using dispersive fluorescence or far-infrared 

techniques, needs to be done to get a more detailed informa

tion about the conformational dynamics of 7-ATC in both 

& and Si states.
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