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He—Ne LASER IN TURBID LIQUIDS INVESTIGATIONS

V. HENC-BARTOLIC!), B. PINTARIC?), Zagreb

The transmission of a narrow He—Ne laser beam through nearly monodisperse
polystyrene latices was investigated. The diameters of the particles employed were
137.6 am, 531.2 nm and 733.3 nm. The dependence of the attenuation coefficient on
latex concentration was found to be linear. The experimental values of the specific
turbidity, (26 £4) cm™, (226 £7) cm™ and (292 + 10) cm™!, respectively, were in good
agreement with theoretical ones, based on Mie’s theory.

i

I. INTRODUCTION

The power (P) of an electromagnetic wave propagating through a fluid decays
according to the equation [1]

dP= —aPdx (1)

where a is the attenuation coefficient and x is the layer thickness. In this paper
investigations were carried out using monodisperse polystyrene latices as model
systems of turbid liquids. The systems used were colloidal dispersions, consisting of
almost ideally spherical particles of uniform size.

The power of the central part of the laser beam transmitted through latex
dispersions was measured as a function of layer thickness. The diameter and
concentration of particles were employed as parameters.

Il. EXPERIMENTAL

I1. 1. Materials

Samples of monodisperse polystyrene latices, used in these measurements, were
supplied by the courtesy of the Laboratory of Biocolloidal Chemistry, A. Stampar
School of Public Health, Zagreb, Yugoslavia [2]. The spherical shape of the
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particles employed, as well as the particle size distributions were evaluated from
electron microscopic data. The characteristic parameters of the latices employed
are given in Table 1, where D is the arithmetic mean diameter, PR = (D,/D,)? is
the polydispersity ratio, D, is the weight average diameter and D, is the number
average diameter.

Table 1

The characteristic parameters of latices employed

Sample D/nm PR

LS 54-PJ 137.6 1.066
LS 137-T 531.2 ~ 1.009
LS 142 7333 1.007

The measurements were performed with three polystyrene latices of various
particle sizes. For each latex dispersion, a series of dilutions was prepared
volumetrically from a stock latex dispersion by adding distilled water. Stock latex
dispersions were filtered, using filter paper, immediately before measurements, to
separate possible aggregates. The concentration of stock dispersions was deter-
mined gravimetrically.

II. 2. Apparatus

The laser beam source was a He—Ne laser HNA 50 (C. Zeiss—Jena) with
maximal laser power of 4 mW and a wavelength in vacuo of 632.8 nm. The sample
container was a high-quality optical glass cell. The layer thicknesses were 2.5, 3.0,
6.0 and 8.0 cm. The, light beamn was propagated directly from the light source
through the sample. The transmitted light power was measured at a distance of 10
cm from the light source in the forward direction. For this purpose, an optical
powermeter LM 1 (C. Zeiss-Jena) was applied, and it was gauged to the
wavelength of the monochromatic light used. In front of the detector there was an
iris-diaphragm, to ensure that the detecting system did not intercept a significant
amount of the light scattered near the forward direction.

HI. RESULTS AND DISCUSSION

The experimentat resuits given in Figs. 1—3 show the transmitted light power as
a function of the sample layer thickness with the size of the particles and the
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concentration as parameters. The concentration is expressed as the total mass of
the particles in 100 g of the scattering system.

The experimental data obtained show that the transmitted light power decreases
with sample layer thickness, in accordance with the law expressed by the equation
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Fig. 1. The transmitted light power (P) as
a function of sample layer thickness (d) with the
concentration as parameter. 1) 0.002 g/100 g, 2)
0.004 /100 g, 3) 0.008 g/100 g,
4)0.016 /100 g, 5) 0.032 g/100 g.
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Fig. 2. The transmitted light power (P) as

a function of sample layer thickness (d) with the
concentration as parameter. 1) 0.0005 g/100 g, 2)
0.00109 g/100 g, 3) 0.00218g/100g, 4)

0.1 0.00437 g/100 g.

Fig. 3. The transmitted light power (P) as a
function of sample layer thickness (d) with the

8 concentration as parameter. 1) 0.00053 g/100 g,
dfem] 2) 0.00107g/100 g, 3) 0.00213g/100 g.

002 . " . .

46

where P, is the light power transmitted through distilled water with a=0. and d is
the layer thickness. The attenuation coefficients were calculated using the linear
regression method.

The intercept on the ordinate axis was of the same value, In P, in all cases. The
mean attenuation coefficient was determined as a function of the concentration for
each latex sample (Fig. 4). It may be seen that the attenuation coefficient is
proportional to the latex concentration following the equation

a=kc 3)

where k is the specific turbidity, and c is the concentration of the latex empioyed.
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Fig. 4. The mean attenuation coefficient (@) as a function of the concentration.

This results are in good agreement with those obtained with suspensions of teflon
particles [3]. The k values for polystyrene latices employed are given in Table 2,
where k(exp) is the experimental specific turbidity, k(th) is the theoretical specific
turbidity and a is the relative particle diameter. The experimental specific turbidity

for the latices employed was compared with the theoretical values based on Mie’s
theory {4, 6], (Table 2). For this purpose the m and a values should be calculated :

m=n,/n 4)

where n, and n, are the refractive index of the particles and of the medium,
respectively, and

a=naD/i (5)
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Table 2

The experimental and theoretical specific turbidities
for A=475.4 nm

Sample (/4 k (exp)/cm k(th)/cm
LS 54-PJ 0.9 26+4 22.74
LS 137-T 35 226+7 221.53
LS 142 4.9 292+10 297.18

where D is the mean diameter of the particles, and A is the wavelength in the
surrounding medium. The k(th) values were calculated for polystyrene latex
dispersions in pure water at 25.0°C, where m = 1331, n? =1.59[5], m = 1.19,
A=2%/m=475.4 nm and A, =632.8 nm is the laser wavelength in vacuo. The k(th)
values were obtained following Mie’s equation and using Heller’s tabulated data of
the specific turbidity for A’ =409.4 nm [4]. The comparison could be done by
translating the tabulated data to the wavelength used (A=475.4 nm) in accordance
with the equation

k(th) = k'(th) (012/ @) (A'/1) (6

where k’ (th) means the tabulated data, 012 is the density of the entire system and
0:=1.06 gcm™ [6] is the density of the particles. All measurements were
performed at 25 °C, approximately.

IV. CONCLUSION

The experimental data obtained satisfy the exponential dependence of the light
power transmitted through the latex dispersion on the sample layer thickness and
the concentration (Lambert’s law):

NUHMVcOIE A\Nv

where the specific turbidity k is the individual constant of the system employed.
Experimentally determined specific turbidities for the three polystyrene lattices
investigated (Table 2) are in good agreement with those calculated on the basis of
Mie’s equation. The experimental errors of k( exp) are primarily assumed as due to
the unstable power of the light source used.
In the system observed the attenuation coefficient is attributed to light scattering,
while the other effects upon the attenuation could be neglected.
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HCCIEJOBAHUSA TTPOXOXIEHMS ITYYKA TEAMEBO-HEOHOBOTO JA3BEPA
B MYTHBIX XHIKOCTAX

B pabote nccnenoBano npoxoxIeHne Y3KOro MyuKa reHeBo-HEOHOBOIO nasepa 4epes NouTH
MOHOJMCIICPCHBIX JIACLUEKCOB NONMCTHPOJNA. JIHAMETPEI MCHIONBL30BAHHLIX YaCTHL PABHSIHCH
137,6 um, 531,2 um u 733,3 um. Hailnexo, 4To 3aBHCHMOCTL ko3ddulLMeHTa ocnabnenus or
KOHUCHTPALMH IATEKCA UMECP SIMHERHBIH BHA. DKCNEPHUMEHTAIBHEIE 3HAYEHUS YIETLHON MYTHOC-
TH, KOTOPBIEC COOTBETCTBEHHO paBHb! (26 +4) cM™', (226 + TY em™' u (292 + 10) em™', xopowo
COTNTACYIOTCSA C TEOPETHHECKUM 3HAUCHUSMU, TOJY4EHHBIMH Ha OCHOBE TEOPUH Mu.
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