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Since the thermal lensing spectroscopy (TLS) with laser 

beam was first described by Gordon et al, in 1965,' it has 

been an useful analytical technique due to its intrinsically 

high sensitivity. In TLS system, the various lasers such as 

Ar ion laser, N2 pumped dye laser, He-Ne laser, and He- 

Cd laser have been used as light sources.2~10 There are se­

veral combinations of laser systems with pump-and-probe 

method次 or single source beam method.5~10 These laser 

systems with several hundred mW show the detection range 

upto ppt level.4'8 Even though the high power system is hi­

ghly sensitive, it has a large dimension, complexities in ope­

ration, and difficulties in maintenance. So it still has a restri­

ction as a detector in commercial instruments such as liquid 

chromatography.11'13

Because of the reason, a relatively simple laser s나ch as 

He-Ne of single beam system has been used in practical 

application.14~17 For the TLS with 4 mW He-Ne laser, 사le 

detection range of 10~4 M was reported.10 The He-Ne laser 

is, however, operated at high voltage (about 2 kV) with a 

separate power supply. For the modulation of the beam, the 

conventional mechanical chopper is further needed.

Due to the fast growing technology in recent electronics, 

the performance of a visible diode laser has been drastically 

improved.18 Especially the output power of the laser which 

is compact and easy to operate in red wavelength region, 

is comparable to that of He-Ne laser. The diode laser opera­

ted at 5-15V DC from dry cell is now commercially available 

at inexpensive price.19 For the application of diode laser in 

atomic spectroscopy, the wavelength was generally tuned by 

temperature and current control, in order to interact with 

the atomic resonance line.18 However, the diode laser is 

being used without tuning in molecular spectroscopy.20^22 

Therefore, in this study, the potential use of TLS system 

with diode laser for the development of an analytical detector 

has been focused.

A TLS detection system has been designed with the use 

of a visible diode laser as a light source. Because the laser 

can be operated at low voltage, the conventional mechanical 

chopper could be replaced with an electrically-controlled 

chopper for a simple, portable system. In order to evaluate 

the performance of the system, the analytical curve was ob­

tained at the wavelength of the diode laser. According to 

the theory of the TLS,2,10 thermal lensing intensity ratio, Rtl, 
is expressed by

圈=4产 =M+흐 (1)

, where B=PabS{(.dn/dT)/k 사 A and —10-A), Io and

史 are the probe beam intensities at the beam center without 

and with radiational heating by the laser, Pabs is the power 

absorbed and P is the laser power in watts, dn/dt is the 

change in solvent refractive index with temperature (usually 

negative), X is the laser wavelength, k is the thermal conduc­

tivity in W cm-1 K-1, and A is the absorbance of an analyte 

in Beefs law.

If G is small, the equation (1) becomes

Rtl — ~ 2.303 (■쓰 ) 4 (2)

Since A — ebC, where e is the absorption coefficient in M-1 

cm-\ C is the concentration of an analyte, and b is the 

path length of the solvent medium, the equation (2) beco­

mes

7?ri=-2.303 £ P；d：/dT) c (3)

K k

Consequently, the thermal lensing intensity ratio Rtl is pro­

portional to the concentration of an analyte.

Design of the TLS detection system. Figure 1 

shows the block diagram of the TLS detection system desig­

ned for this study. The laser diode used was a continuous- 

wave, InGaAlP semiconductor (MWK Industries, USA) at 670 

nm with maximum power of 5 mW.23 The laser beam was 

electrically chopped by a home-made current controller at 

the frequency of 14 Hz. The controller circuit of pulse gene­

rating type is also depicted in Figure 2. The modulated beam 

was focused by a convex lens (F—6 cm). The sample was 

contained in a 1 cm square quartz UV cell. The transmitted 

light was detected by a photodiode (Din-6DPt UDT Sensors 

Inc., USA). The decay signal was monitored by an oscillos­

cope (HP-model 54504A) equipped with HPIB data acquisi­

tion system. Acid Blue 25 (Aldrich Chemical Co.) was used 

as a model compound to evaluate this design because its

P°*®r supply oscilloscope

Figure 1. Experimental setup for the measurement of thermal 

lensing signal using visible diode laser.
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Specification: duty Cy허 8 - about37%
+VCC-+5V, -Vcc—5V

Note :(*) -This resistor determines the fr#q니여nsy range.
Especially, the 너eximim Frequency value.

H -This resistor determines the 어aximum Current which goes through the LD.

Figure 2. The circuit diagram of home-made current controller for electrical chopping system.
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Figure 4. Transient thermal lensing signal of Acid Blue 25 by 

a visible diode laser at the concentration of (a) 1.13X 10^5 M, 

(b) 1.68X10-5 m, (c) 2.25X10f m, (d) 2.81X10^ M, (e) 3.38X 

10^5 M, (f) 3.94X10"5 M, and (g) 4.50X10 5 M.

(b) mechanical chopper

Figure 3. The photovoltaic signal of modulated light by (a) elec­

trical chopping and (b) mechanical chopping system.

UV maximum is at 635 nm. The concentration of Acid Blue 

25 dissolved in butanol was determined by measuring the 

thermal lensing signal ratio between the concentration of 

1.13XIO-6 M and 6.50X10 5 M. C70 was also used in the 

application of the TLS system for the selective determination 

of fullerene mixture in spite of its small extinction coefficient 

at the given laser wavelength. C7()was dissolved in toluene 

and determined at the concentration of 2X10 M.

Results and Discussion

The circuit diagram of the home-made electrical chopper 

is shown in Figure 2. Using the resistor of R4 and R7, current 

and frequency of a diode laser are controlled. When the resi­

stance of R4 is 5 k£2, the frequency could be controlled up 

to 200 Hz. With 2.2 kH resistance of R7, the maximum cur­

rent is 120 mA. By controlling variable resistors, R3 and R& 

lasing power of 5 mW with 14 Hz frequency was obtained. 

The photovoltaic signal of a diode laser itself modulated by 

electrical and mechanical chopper was compared in Figure

3. The rectangular peak shape from electrical chopper was 

the same as that from the commercial mechanical chopper. 

In the case of conventional laser with mechanical system, 

it needs an expensive power supply and complicated applia­

nce. Otherwise, in the visible diode laser system, the combi­

nation of the light source and electrical modulation system 

can be easily achieved by the use of dry cell with ± 5 V 

DC. The system in this study, therefore, showed a compact 

and portable design compared to conventional TLS system.

To evaluate the performance of the system, the thermal 

lensing signal intensity by a modulated diode laser was mea­

sured according to the concentration of Acid Blue 25 in buta­

nol from 2.25X 10~6 M to 6.50X10-5 M. The absorption ma­

ximum of Acid Blue 25 is at 635 nm, which nearly coincides 

with the emitting wavelength of the diode laser. As shown 

in Figure 4, when thermal lensing phenomena occur, the
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Figure 5. Calibration curve of Acid Blue 25 dissolved in butanol.

photovoltaic signal changes from Io, which is the height cha­

nge of the signal intensity at left-hand side of the rectangular 

peak, to 鄭 which is steady at the right-hand side of the 

peak. By calculating of (4 — the thermal lensing inten­

sity ratio, Rtl, can be obtained. As the concentration of Acid 

Blue 25 increases from 2.25 X10-6 M to 6.00 X10-5 M, RTl 
also increases from 0.008± 0.002 to 0.290± 0.016.

To determine the analytical curve, the linear dependence 

of Rtl on the concentration of Acid Blue 25 was investigated. 

As shown in Figure 5, it represents a linearity with regres­

sion coefficient of 0.983 at the given concentration range, 

which is in good agreement with the theoretical considera­

tion described in equation (3). The minimum detectable 

amount of Acid Blue 25 is 2.25X10-6 M with the signal 

to noise ratio of 3.

In order to examine the possibility of further applications 

of the diode laser TLS system especially for the detection 

system in liquid chromatography, the measurement of ther­

mal lensing signal of fullerene, mainly consisting of C&)and 

C70, was investigated. In the process of fullerene production, 

C70 can be separated from C6o by means of column chromato­

graphy.24 Go and C7o have broad absorption bands ranging 

from 211 nm to 800 nm. At the wavelength of 670 nm of 

the visible diode laser, the absorption of C70 is large enough, 

while that of Ceo is too small to be detected as thermal len­

sing signal. Therefore the concentration of C7o could be dete­

rmined selectively in the fullerene mixture. With the given 

experimental setup, the thermal lensing signal intensity of 

C7o could be measured at the concentration of 2X10-4 M 

in 1 mL volume of the solution. So it shows the possibility 

of application for such type of column chromatography. The 

thermal lensing system used in this study has no monochro­

mator nor complicate photomultiplier tube. It consists of a 

cheap and simple diode laser and a photodiode. Recently 

the performance of a diode laser has been improved rapidly. 

The diode laser with an output power of 30 mW is commer­

cially available at low price.25 Since the intensity of TLS sig­

nal is proportional to the laser output power, the use of 

higher power lasers will improve its performance. In conclu­

sion, a strong possibility for the application of TLS with a 

visible diode laser in the development of a simple and cheap 

detection system in analytical instruments such as liquid ch­

romatography is suggested in this study.

Acknowledgment. The authors thank to Professor D. 

S. Seo in Myong-Ji University for helping the design of elect­

ronic circuit. This work is supported by the research grants 

from Soonchunhyang University and from the Korea Basic 

Science Institute.

References

1. Gordon, J. P.; Leite, R. C. C.; Moore, R. S.; Porto, S. 

P.; Whinnery, J. R. J. Appl. Phys. 1965, 36, 3.

2. Imasaka, T.; Miyaishi, K.; Ishibashi, N. Anal. Chim. Acta 

1980, 115, 407.

3. Morl, K.; Imasaka, T.; Ishibashi, N. Anal. Chem. 1982, 

54, 2034.

4. Miyaishi, K.; Imasaka, T.; Ishibashi, N. Anal. Chem. 1982, 

54, 2039.

5. Carter, C. A.; Harris, J. M. Anal. Chem. 1983, 55, 1256.

6. Dovi사li, N. J.; Harris, J. M. Anal. Chem. 1981, 53, 106.

7. Dovichi, N. J.; Harris, J. M. Anal. Chem. 1981, 53f 689.

8. Fujiwara, K.; Lei, W.; U산liki, H,; Shimokoshi, F.; Fuwa, 

K.; Kobayashi, T. Anal. Chem. 1982, 54, 2026.

9. Jansen, K. L.; Harris, J. M. Anal. Chem. 1985, 57, 1698.

10. Dovichi, N. J.; Harris, J. M. Anal. Chem. 1979, 51, 728.

11. Buffett, C. E.; Morris, M. D. Anal. Chem. 1982, 54, 1824.

12. Pang, T. J.; Morris, M. D. Anal. Chem. 1984, 56, 1467.

13. Yang, Y.; Hall, S. C.; Cruz, M. L. Anal. Chem. 1986, 58, 

758.

14. Erskine, S. R.; Bobbitt, D. R. J. Chem. Edu. 1989, 66, 

354.

15. Kawabata, Y.; Imasaka, T.; Ishibashi, N. Anal. Chem. 

1993, 65, 3493.

16. Bondarenko, D. B.; Dolotov, S. M.; Koldunov, M. F.; Po­

nomarenko, E. P.; Sitnikov, N. M.; Startsev, A. V.; Tulai- 

kova, T. V. Laser Application to Chemical Analysis, Tech­

nical Digest, 1994, (post conference edition Optical Society 

of America), Vol. 5, 104.

17. Maystre, F.; Bruno, A. E. Laser Application to Chemical

Analysis, Technical Digest, 1992, (post conference edition 

Optical Society of America), Vol. 2, 115. .

18. Imasaka, T.; Ishibashi, N. Anal. Chem. 1990' £2, 363A.

19. Laser Diode Product Catalog of SDL Inc., USA, 1995.

20. Larson, A. P.; Ahlberg, H.; Folestad, S. Laser Application 

to Chemical Analysis, Technical Digest, 1992, (post confere­

nce edition Optical Society of America), Vol. 2, 20.

21. Kawabata, Y.; Kamikubo, T.; Imasaka, T.; Ishibashi, N. 

Anal. Chem. 1983, 55, 3493.

22. Nakani아li, K.; Imasaka, T.; Ishibashi, N. Anal. Chem. 

1985, 57, 1219.

23. One of the cheapest diode laser, widely used in laser 

pointer, marker and electrical alliance, etc.

24. Kim, S. H.; Yoot J. S.; Han, J. H・；Jeon, I. C. Bull. Kor. 

Chem. Soc. 1993, 14, 311.

25. The catalog of Thorlabs Inc., USA, 1995, p 56.


