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INTRACAVITY ENHANCEMENT OF RAMAN PEAKS INSIDE 

THE CAVITY OF A DYE LASER 

Key Words: Dye Laser, In t racavi  t y  Raman Spectroscopy 

P. H. Young and H. W. Latz 

Department of Chemistry 
Ohio University 

Athens, Ohio 45701 

ABSTRACT 

A Nitrogen pumped dye l a s e r  using coumarin 515 a s  the  l a s i n g  

medium i s  used a s  an exc i t a t ion  source t o  measure Raman s c a t t e r  

i n s ide  the cav i ty  of the dye l a s e r .  

placed in s ide  the  resonator cav i ty ,  t he  Raman s c a t t e r  i s  enhanced 

due t o  the mul t ipass  e f f e c t  ins ide  the resonator cavi ty .  

enhancement allows f o r  e a s i e r  de tec t ion  of the Raman bands. 

When a Raman a c t i v e  sample i s  

This 

INTRODUCTION 

The main advantage of using a dye l a s e r  i s  i t s  inherent  a b i l -  

i t y  t o  be tuneable over a l l  of t h e  wavelengths of the  f luo rescen t  

dye. 

ferences,  such as fluorescence from the sample. 

This advantage allows the  l a s e r  t o  be tuned away from inter- 
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472 YOUNG AND LATZ 

To date, most o f  the i n t r a c a v i t y  research has been done w i t h  

the absorpt ion e f fec t . lm4 This i s  done by tun ing  the  l a s e r  t o  a 

wavelength of e x c i t a t i o n  f o r  the sample of i n te res t .  

the sample i n s i d e  t h e  resonator c a v i t y  and scanning the  emission 

spectrum o f  the dye. 

Then p lac ing  

The i n t r a c a v i t y  Raman e f f e c t  was accomplished by Porto and 

co-workers i n  1963 using a continuous wave hel ium neon l a s e r  w i t h  

photographic d e t e ~ t i o n . ~  

the same experiment bu t  us ing  pho toe lec t r i c  de tec t ion  f o r  such 

solvents as carbon te t rach lo r i de ,  carbon d i s u l f i d e ,  and benzene. 

Porto and co-workers have a l so  shown, using a continuous wave 

hel ium neon laser ,  the  i n t r a c a v i t y  enhancement o f  Raman bands f o r  

gases. 

I n  1964 Porto and co-workers accomplished 

6 

7 

This paper describes t h e  use o f  a n i t rogen  pumped dye l a s e r  

t o  measure the  i n t r a c a v i t y  Raman spectra o f  some common Raman 

ac t i ve  solvents. 

EXPERIMENTAL 

Apparatus 

A Laser Energy Company pulsed N2-50 n i t rogen  pumped dye l a s e r  

was used w i t h  a t y p i c a l  dye l a s e r  ou tpu t  o f  0.2 m i l l i j o u l e s .  

dye was tuneable i n  the wavelength range o f  480 nm t o  520 nm. 

monochromator used was a 0.5 meter Jar re l l -Ash s i n g l e  g r a t i n g  

scanning monochromator w i t h  an IP-28 pho tomu l t i p l i e r  tube and a 

Jar re l l -Ash A/C amp1 i f i e r  as the  de tec t ion  system. 

used was a Sargent Welch s t r i p c h a r t  recorder. 

The 

The 

The recorder 

The entrance s l i t  t o  
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FIG. 1 :  Block Diagram of the Experimental Setup f o r  the In t r a -  
cav i ty  Raman Spectrometry. A )  Dye Laser, B )  Monochromator, 
C )  A / C  Amplifier, 0) Recorder, E )  Prism, F )  100% Reflecting 
tuning Mirror, GI Prisms H) Mirror, I )  Dye Cel l ,  J )  Lens, K )  Sample 
Cel l ,  L )  99% Reflecting Mirror, M) and N) Knobs to  Align Baseplate. 

TABLE 1 

The Most Intense Raman Bands of the  Four Solvents Studied 

Sol vent Raman band (cm-’) 

Ace ton i t r i  1 e 384 926 2260 2960 

Methylene Chloride 301 718 2983 

Tetra hy drof uran 280 909 1230 2870 

Hexane 792 2865 2880 2900 
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W 

546.074 576.94 

Wavelength (nm) 

FIG. 2:  Intracavity Raman Spectrum of Acetonitrile. A) Fluores- 
cence Maximum, B )  Laser Maximum, C)  384 cm-1, D) 926 cm-1, E )  1380 
cm-1, F)  2260 cm-1, G) 2960 cm-1, t i )  Mercury Emission Lines. 

the monochromator was 150 microns and the ex i t  s l i t  was 100 microns. 

The sample ce l l  was a three centimeter quartz cel l  oriented t o  

brewster's angle inside the resonator cavity. 

was aligned a t  ninety degrees w i t h  respect t o  the dye laser  to  

detect the Raman scattered radiation. 

shown i n  f igure 1. 

So 1 vents 

The monochromator 

The experimental setup i s  

All solvents were ACS grade except for  hexane which was HPLC 

grade and were used without fur ther  preparation. 
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FIG, 3: Intracavity Raman Spectrum o f  Methylene 
A )  Fluorescence Maximum, B )  Laser Maximum, C )  30 
D) 718 cm-1, E) 2983 cm-1 , F)  Mercury Emission L 

Chloy 
cm- 

nes. 

de. 

RESULTS AND DISCUSSION 

The laser  pulse times were optimized as to  give a maximum 

signal o u t p u t  from the A/C amplifier. 

purposes, the 549.074 nm and 576.94 nm emission l ines  o f  mercury 

were superimposed on each Raman Spectrum. 

in nanometers and  then converted t o  wavenumbers for  simplicity.  

For wavelength cal ibrat ion 

All spectra were recorded 

Table 1 shows a summary o f  the most intense Raman bands for 

each o f  the solvents under study. These bands were then used t o  

characterize each of the Raman spectra shown below. 
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FIG. 4: Intracavity Raman Spectrum of Tetr hydrofuran. A )  Fluores- 
cence Maximum, B )  Laser Maximum C )  280 cm-7, D) 909 cm-1, E )  1020 
cm-1, F) 1230 cm-1, G) 1450 cm-1, H )  2870 cm-1, I )  Mercury Emission 
Lines . 

The typical Intracavity Raman spectra obtained are  shown i n  

figures 2 ,  3, 4 ,  and 5. 

Acetonitrile. Characterist ic bands are the n i t r i l e  s t re tch a t  

2260 cm’l and the carbon hydrogen s t re tch a t  2960 cm’l. 

shows the spectrum obtained f o r  Methylene Chloride which shows the 

character is t ic  carbon chlorine s t re tch a t  718 cm-’ and i t s  carbon 

hydrogen s t re tch a t  2960 cm’l. 

tained for  Tetrahydrofuran. 

Figure 2 shows the spectrum obtained for 

Figure 3 

Figure 4 shows the spectrum ob- 

Characteristic bands are the r i n g  
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FIG. 5 :  In t r acav i ty  Raman Spectrum of Hexane. A) Fluorescence 
Maximum, B )  Laser Maximum C )  380 cm-1, D) 830 cm-1, E )  1050 cm-1, 
F)  1300 cm-1, G )  1450 cm-f, H )  2865 ~ m - ~ - 2 9 4 0  cm-1 Multiplet, 
I )  Mercury Emission Lines. 

breathing a t  909 crn" and the  carbon hydrogen s t r e t c h  a t  2870 crn-l. 

Figure 5 shows the spectrum obtained f o r  Hexane which shows the  CH2 

twist a t  1300 cm-l, t he  CH3 deformation a t  1450 cm-', and the  

c h a r a c t e r i s t i c  mul t ip l e t  a t  2920 cm- . 
Raman spec t ra  suf fered  in t e r f e rence  from fluorescence s c a t t e r  from 

the l a s ing  dye. 

not cause any d i f f i c u l t y  i n  assigning the Raman bands. 

1 All of the  In t r acav i ty  

B u t  s ince  this fluorescence was cons tan t ,  i t  did 

The main drawback of these experiments was the presence of  

background l i g h t  due to  spurious s c a t t e r i n g  of the  Rayleigh l i n e  
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478 YOUNG AND LATZ 

i n s ide  the monochromator and background from the Nitrogen l a s e r .  

Much o f  the  spurious s c a t t e r i n g  may be decreased by using a double 

gra t ing  monochromator and the  Nitrogen 1 a s e r  background may be 

decreased by placing i t  a t  ninety degrees with respec t  t o  the dye 

l a s e r  ins tead  o f  coaxia l ly .  
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