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Investigation of the effect of the pinhole size on photothermal signal
and thermal diffusivity

Iman Bidarvand, Fatima Matroodi
Physics Department, Faculty of Science, Shahid Chamran University of Ahvaz, Iran

Abstract- In this paper we investigate the effect of the pinhole size on the magnitude of the photothermal
signal and the result of signal analyses to obtain the thermal diffusivity. In this experiment, in the
thermal lens spectroscopy (TLS) setup, a diode laser operating at 532nm and a He-Ne laser operating
at 632.8nm were used as pump and probe respectively, and they passed co-linearly through the sample.
Pure ethanol (99.5%) was used as the sample. Results show that despite the direct effect of the pinhole
size on the magnitude of photothermal signal, if aligned properly, it does not have a considerable effect
on analyses of thermal diffusivity.

Keywords: photothermal signal, pinhole, thermal diffusivity, thermal lens spectroscopy.


http://www.opsi.ir/article-1-2694-en.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

VR ot VE VY ol liss 3lsal e angcd olSitils

L S5 Glagin g ools jeee 1, K055 5 slagi
o R8s 5 osee Sloginy G S o0 S0
JES 5 sy 6598 5Ly lSBT @ &g, 5l e
SoS 4 5,5 o, K] Lawgs oads ouilyd  slo)Ts
ooy onl 5o [T s e eols Ltoled JUKw Kijls
018 yae o659 5,800 T 51 LS oo eoliiwl &g, s
@lesS o 25U o a5 KAl 5 95 5l (Sed
(FRPVSPRCONN PN I8 W L) IRV W VES FRSPPPUE K g
Sy sl o8l ,e slacols 5 wlg oo a5 )
5 2l )S swas dilail 4 azgi b ST Ll 00,135 peiio
i Sy n sbl) 5 g 659 sl KBT wlas &L
Jelow des o Wls 0l bl glwjo 4 SielS
L g, aw Sl allie cpl jo L¥] 0,188 gl Sl eesls
@ slp sl Jdos 45t g ool calisee slaojlasl
B mip D50 q@leS Sy cayd oyl Cuws

=

Dy s

wlbo)S was 2l ol plonz
oolatwl j3d g0 3l Alae cpl yo colaiwl 5,90 leds
Camdy 10 g didmd Gubaie o p Ll lags ) a5 oS
Sied 00 5l pleas ol jo sl 18 cdls iy pae
3he S5 plaie 4 OYYIM (295 zg0 Jobo L jo
Sy @ FYYANM (25,5 50 Jobo b 5~ el 13
YWY L&:uT Lgl.aa.;).; aS Cewl 00l oolaul )iujlf ))..J
A0 egls aoyo b Joibl &ged 5l oo 2 Godaie 5 (55150
Sogiy il Gahaie 5 Sjloe jolite 4 WS (oo j5ue
ol o0 ool Vg5 B80S a5l S5 Kagls 5

P Aol b wse SO by SWI ) Glag
i) gy g Sgbice S peie diges S e ,0 YYCM

' mode-matched or mode-mismatched
" beam splitter

doddo

slaghy) 5l (S plgie 4 pbe)S (cwie ol Sl
VAP0 Jlo o b s &Lo;)jj el ol
Jskw ols )18 pllin (il Sen 5 (4955 Lagi (0D
ol )5l Snais 0 ol pd g (olad Blid slagle
PN FRCSUUW IESC PSVIR SR [ R ) IRWPRV RN
Oledezr V] 0,5 o0 )18 eolitul 590 00,05 &5
JoSis ol e a5l (ol S 95 (owae (ool Sl
390 Bges  SBglS (6 98 e Sl (5558 @e 195 5 (o0
IS S35l 5 6598 5le) ST g5 ild caalllane
So9 & Olore i 5l Gy onl 5o Jsere sob &
il Sl slaglesz 05800 o3liinl Kigls 5 S
2005 el Ol e B9y riz @]y 2l)S (pwoe
o 2 S 15 (26 sl (bl )l slass bl
ol 2 5 5 byl el gl pae b 5 il elsl
et S 50 Loy (oonlS 3 5 o) alllas g3
SeSil el ol ey 50 JUl b diged ) 5 |
S Gidaly b (SSeSln (nl wigb oo iged D)3
23 80,k 0 (oglS (2 L &S el ol o a5 ST
O 593 b (elad &g 4 diged (b )5 Sl S
el LS sl s 5 S 3 555 e |
Sl yrie i lod [0 udd ] (Wgd oo diges o Lo
@ hokad s JBa e Lo 4 aly (Seelonge 5
el oS S g 5 5 0 Ean
Ol S oo dloml diged jo SNl )5 S 0T alads 23S 50
505, Jos (pwie Sy D0 4SSl oy L3NS
S s 18 86 050 1) KaglS 5 lagin
45 3)l0 )18 655 kb Lo ST g iy, 5l b g diged


http://www.opsi.ir/article-1-2694-en.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

VR ot VE VY ol liss 3lsal e angcd olSitils

ol oal cdl 4 byge JWw T(2,0) ol 0 oS
3550 &gl LS Tp g el (plo )5 (qwae SISl
Cdl 4 by po ,l5 0550 JiKw a5 ol 5l ol dalllas
g 0o gl gwie b KA 5 5in Dad
() aayly SaS 400 Jloy JuKow b poms ol
P9y ool yekate ol s ols Y sl (659 Wolae b

D9 g0 S 55 D50 & ()95 Aslas oy

S(z,t) = ¢pparctan(dm(z)v(z)t/t.(2)
[1+2m(2) + v(2)?]2t

/ t.(2) ™)
+ [1 + 2m(2)]?
+v(2)*)
:J\ 4o as
d
b0 = Pol ) /iy ®
t.(2) = wy(2)?/4D )

m .« obS 3 wain Jole Slo v YL SYoles o
R Lals P oy 90 slogip we llas pas d> 0
@leS Sl cors Kk iges Job LUl obS
SSW 5 les Py e oo )S 3 Sloy aasein t diges
cpd iy adn/dl ga 5 obfS iy cuye D
10 Lo Sl ) S g > Sl e g i
@ o 5D o (V) dlaly slo piie oolod s aig0d
35 B0 9 D 5w ale JB ploser ¢l Sole
75 JESe b (5595 dolee (23] 5 dunlio S 4
278 S (33l 9 amnlio [0 5 7] an oo s @
Origin 4 Mathematica jl;8le i lawgs (5,955 doleo b
el (IS i s o 4zt Al 5 4595 5550

' fitting

GBS 5 s 35,35 0 Aiges 51 AYCM g FCM SglS
oy Glagin g ead B> (5,9 il SLS 4 S5
alold 1o a5 (550 sl KT & 455, 51 ygee 51 Gy SsglS

50 oleduz SGileds sy o0 9yls 1,8 aigai 51 VY -CM

iloads el isles V JSCS

4 )9 i

«-—-d)s-; FJ-‘
<[l

Y (W S

S5 ¥y daaS s

\wui

Sgls 55

by R ey Ao
Pls 5l el Lie cupe ol o)lil &5 jshiles
2led Slin (s SaS 4 a5 Zsl lge (60,5 (S5 58
O p2 dalre gl el aile LB ole )T o
bog a5 oS 9 JuSew Tl (0l Ghyy 4 ole)S
Jby g Shge a1y ol ool s a5 (5,98 Si5lo
oS (o

S(z,t) = [T(z,t) — Tyl/To M)


http://www.opsi.ir/article-1-2694-en.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

VR ot VE VY ol liss 3lsal e angcd olSitils

—\$5F 10 Vay.. [yye-o [ .g

Y 20 YVeoo [YYEe | A

VY Y YYEe. [ vaeeo | )

@b Sl @izl 5l (S plye 4 a3l 5L
G s 8 s 2leS e JiKw 2l S5 (swas
I Bigas yo o, JiSws Joloxs 31 Jolo oS
IS 50 edel s 4 @S G 28,5 18 w090
Sor r %9y Sl S 32g LY Jeur o ¥
@ lde p Glaiz Slojlal ol e ole)F )95 (slo S
ool e 1) GleS iy cay aly sdel s
(V) g, ol s 00 Jloy JUSms 51 oolissl g55a

Lz

[1] J. Gordon, R. Leite, R. Moore, S. Porto, and J.
Whinnery, "Long-transient effects in lasers with
inserted liquid samples,” Applied Physics 36, 3-8,
1965.

[2] T. Nideep, M. Ramya, V. Nampoori, and M.
Kailasnath, "The size dependent thermal diffusivity
of water soluble CdTe quantum dots using dual
beam thermal lens spectroscopy,"” Physica E: Low-
dimensional Systems and Nanostructures 116,
113724 2020.

[3] S. E. Bialkowski, "Photothermal spectroscopy
methods for chemical analysis,” Vol. 177 John
Wiley & Sons, 1996.

[4] Q. He, R. Vyas, and R. Gupta, "Photothermal
lensing detection: theory and experiment,” Applied
optics 36, 7046-7058 1997.

[5] H. Cabrera, F. Matroodi, H. D. Cabrera-Diaz, and E.
E. Ramirez-Miquet, "Frequency-resolved
photothermal lens: An alternative approach for
thermal diffusivity measurements in weak absorbing
thin samples,” International Journal of Heat and
Mass Transfer 158, 120036 2020.

[6] J.Shen, R.D. Lowe, and R. D. Snook, "A model for
cw laser induced mode-mismatched dual-beam
thermal lens spectrometry,” Chemical physics 165,
385-396 1992.

L i59; s 5l sgee 5l g 00 Zod 2o )F 550 oSS
3,50 Allax> &g 4 YMM 5 - AMM o FMM a3
LY u..\.m JLAJJ )‘ J.aﬁ ral.>- LQJL&W loads éﬁ‘s P
Al b JiSw (W) Caand ¥ S 50 (V) Ayl S
Mathematica |38l o 5 lawss i3l 5 ol Jlo s 5l e

iloads ools yiuled (©) Cwond ¥ S ,0 Origin

()
400007 —— Signal (0.6mm)
~ Signal (0.8mm)
Signal (1.0mm)
35000 -|
8
S 30000
=
©
4
25000 -|
20000 \\
0.0 05 10 15 20
Time
(@)
—si
0.00 4 I Signal (0.6mm)
= Signal (0.8mm)
[—=Signal (1.0mm)
£ 005
©
el
[
N
g 010
<]
z
-0.15
0.20

T T T T T
0.0 0.5 1.0 1.5 2.0
Time(s)

Sy L Amm &5, b Gialesl 4 by slaJliSew Y U5
iloas eals gl (T S5, L YMM g 50,8 S5, L - AMM ol
dlie (@) 9 oo Jloy 51 S8 b JuSow dulie () g
Loosls 99 4255 (led @b (B30 9 o Jlo i 5l g Lo JUSe

o) Sl lp 2l (e o pd Al s
ailoas ools yioled V Jgaz jo ¥ Sy o0l

5 @l O cere LS Anlie ) s
Ay e ygax 0 AT egls b ol Sises 1 Po

| | gl o

Y 43
o 1S S T T O 29
(10-5% ) W oA (mm)
S



http://www.opsi.ir/article-1-2694-en.html
http://www.tcpdf.org

