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Study of diffusion in liquids using Fresnel diffraction from the edge of a
phase wedge

Ahad Saber?, Sahar Golmohamadi
Department of Science, University of Mohaghegh Ardabili, Ardabil, 56199-11367, Iran.

In this paper the Fresnel diffraction pattern from the edge of a phase wedge is used to measure the diffusion coefficient of
liquids. The diffraction pattern of the wedge contains oblique fringes of equal spacing when its surrounding medium is
homogeneous. If the wedge is installed in a cell containing the diffusion liquids, the diffraction fringes of the inhomogeneity
of the diffusion media are modulated in the wedge fringes. The diffraction pattern is recorded using a CCD and stored in a
computer. The fringes are analyzed using the Fourier transform method and their phase distribution are derived. The refractive
index profile inside the diffusion cell is calculated and the diffusion coefficient is derived. For diffusion of sucrose-water
solution of 2% and water we derived the diffusion coefficientas D = (0.48 X 107> + 0.02 x 10~5)cm?/s.

Keywords: Diffusion coefficient, Fresnel diffraction, Phase step, Refractive index

VY
2ib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1442-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

VAP Goge VoY (0l Sigish (655L8 5 (qwaige il JiST (aedd 9 Sigigh 9SGl Guil a8 e slez g G

5308 055 a3 ih By i ialed ) S

).v‘).)y 8{.9;)‘ )b o; wl.?bo J..S)9...c U‘ Qj)—h“l"ﬂm

Sy |y aly gl | ases o el ytana b
h=yn,—n)tana )

Amio (g, slabhi o gy ol 259 O RUAPES
vl Aﬁ]@ Sy 1y adaly 5l esmlive

I = cos? (£) + 23 + 57 sin? (2) + M)

(Co — So) sin(¢p)

_ L 2
5055 3l Sr9 Tao A G B DS g =Th oS
s By b S ad il il Lol aasis
osly las .aig go ST 095 ad sliuly jo 4 aiis
I Wl ey )

_ A
- (ng—n) tana

p D)

%yéﬁjojlxl)owéﬁx[\\]gﬁqoyb
u)ydufﬁflf)ioo&]awbwmw&

& '? _r
ly iy e 5o Sl @58 «Sd pgo (9l Gl
oy pi Spe & bl o gam SO iy

D9 g0

ac(y,t) -D a%c(y,t)

at dy? P

t ol gy ahats o cdale C(y,t) 9 sy w0 D oS

doddo -

Lo o SReal dawlyy aS 6> Jaloasay yige S0
D40 (g5lwg ls g cowdigm Ho (ulS i gl co ol
2 el b sl sSse i asdlas V]
Slaa il 3,8kae 5 olyb 5 SIS (g 5 Loyl
3 B dil B Caenl 4 axg b I¥] ¢l Li-ion
Ay Sebaet sl Ao o0 hlisis (slatiio;
2 s Slallhe deogisnl silulaz 5 i 5
o)le iS5 NV-F] omin S35 Gilises sl by, wiile
3B aly 51l eizen el [TA] (6 Kiples 5 [ V]
Sl oy 03 1 I Slale (i3 po s pSosll sl
S bl 9925 b (oSl lagss, )]
s ,Soslul (mls g slezel BB asle Laol;
ool Lase lilses )| 4y o a8l yle; zull g o pPee ue
3okl s Bl il Gledusn ledus 5w
colre ol i I35 GLle g o b (o518 aly ad
(i sl Jole ol slacdale ST o o lw ],
G a4 yisn sliwly jo axg ad sloadly God &yl
Silwies St |y by 2 Jlod amsl )0 5 WS (o0 S
25l el 1y e peSoslail 2o Wil

Sl 3B ogs S ad 5l B3 Bl o8 sl sl o
Ol SIS cpl b ogi oo eoliiwl idu anl)d axllas
39 ol oo Syl Sl o po LS Bezg Az
S50l axs )3 5 35 o0 ol 3 05 090 Slajn
Y JPPRLIPWR I %L L

S5e 0l )3 e 56 055 a5l il 5590 M
Sl 00 oolaiwl GBlas Glaels g Slale CanSlls oy
]

GV esS 51 Jiyd ol ¥
coyd 5 @ ly asly b 5 0s8 S5 Sleds )b
)T 13N ClSs oo b daoe 04 ng culSs
5 6ilge a5 L el oad ooly ioles Y SE o ]
53 5n o5 055 xbans 1y 3502 Il g3n Jobo &1 5 255
e Send g 08 B 5l g5 5l (Send o5 55k

a3l (g yiws BBWWW.OPSLIE colu jo a5 cul jLael slls )90 5 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1442-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

-J

VWAS Crage Vo) Y

Cell Wedge

BE < 4
-

Camera
Laser

t=10min, l=30mi;| t=60min

200f 200 1 200 200

400 400 400 400

600 600 600 600

800 1 800 800 800
1000 1000 Z 1000 1000

7

1200 1200 ? 1200 1200
1400 1400 g 1400 1400
1600 1 1600 . 1600 1600
1800 1800 % 1 1800 1800
2000 100 2002000 100 2002000 100 2002000 100 200

£=10,30,60,120 min la L)

(a) t=30min,
300
= 2001
o=
<
100
0 A . . . "
-6 -3 0 3 6
vimm) (aih
(b) t=120min,
300f
— 200
Z
=
1001
0 | . . '
-6 -3 0 3 6
y(mm) (u)

t = () gt =30min (W) slole; ;o Bl oy 3 56:F s
120 min

s b -f
Tl el oo ools ol ¥ S 5o Stoles leus
O el 0,5 g0 58 A 5 JBI )0 (55l 08
oo G gdoe 0 FSew Jolxe b 25y
B3P O35 ol Ceond 4 S pn 5 oolianl b 5 S

AR

Oln! SEged (5,9L8 g (qwiige il IS uedd 9 Sigied 9 SUbl il A e slez g S

WSload lax v 51y = 0 aaii o jiduy £9,0 ;0 a5 C
vyl Sl oy IS @

C1+Cy
2

Cot) =22 4+ 2oy ( ®)

y
2757)
oS cdale ol s ojb 51l las &b erf(x) as
I¥] col s cdale g cnSls o po o alal,) sl

n(y,t) =aC(y,t) +b *)

SE acdale 5 oS oo S oot hawgio @ aS
30 S g o 2595 el ol (g)lake b g ool 00
g Wls> 5 Do at Gloy )d iy (ie

n(y,t) =nlzﬂ+nlz;nzerf (2%/[7) )

oo wled Ol el € clale L blos cuss
L’)LMA.; An(y, tz, tl) Lj ‘) tz 9 tl LSLQL‘)LA). )O w
ZMQLSA

An(}’» tZJ tl) = n(y, tZ) - n(y, tl) (A)

i2)ls (A) 5o (V) alasly (5,13 1> L

An(y, ty, t,) = nz;nl (erf <2 z ) - Q)]

Dty
erf (;2=))

Loyl oo a5 ,ls i ) adats 90 Y can p AN loges

Cawddy aoeis ol 1,8 a0 5 (1) alal, 5l (6,8 3t b

2pin($2)
Vi = * = 1t1 )
t1 tz

slagle) po anyd bl (S (peed b (V0) alal) 3l
J:}lo ) o; )f‘ -\4—“5‘0 Cowds J.\.?U w].o tZ 9 tl
90 00 Ghln o s B Bl w5 8 iy (e
aalgs 15 Oieo 4 (V) abaly leolaiwl b calizes oyl
:\)9.3

Ay, tr, 1) = Zyln(y, ) — N
n(y, t)] tana = %ﬂy tan a An(y, ty, t;)

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls (590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1442-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

VAP Goge VoY (0l Sigish (655L8 5 (qwaige il JiST (aedd 9 Sigigh 9SGl Guil a8 e slez g G

Slap B )0 Cusd copo (bolS slag B oS Ol s
azls 50 g Cewl 5380 (63 Al A ol 0gS s
chale S| 4 a5 cusls (oo @S Ol ol

&=l

[1] J.F. Torres, A. Komiya, E. Shoji, J. Okajima, and S.
Maruyama, Development of phase-shifting interferometry
for measurement of isothermal diffusion coefficients in
binary solutions. Optics and Lasers in Engineering, 50(9),
pp.1287-1296, 2012.

[2] Zhang, Ying, Shi Zhang, Sanguo Peng, and Maogang He.
"Diffusion coefficient of 10-methylphenothiazine and
dimethyl carbonate mixture from 288.15 K to 313.15 K."
Thermochimica Acta 656, 32-37, 2017.

[3] D. Ambrosini, D. Paoletti, Nasser Rashidnia, Overview of
diffusion measurements by optical techniques,” opt lasers
eng 46, 1287-1296, 2008.

[4] Tyrrell HIV, Harris KR. Diffusion in liquids, London:
Butterworths; 1984.

[5] D. Paoletti and G. Schirripa Spagnolo, Temperature
dependence of liquid mixtures diffusivity by ESPI
endoscopy, Opt. Laser. Eng. 26, 301-312, 1997.

[6] X.Zhang, N. Hirota, T. Narita, J. P. Gong, Y. Osada and K.
Chen Investigation of molecular diffusion in hydrogel by
electronic speckle pattern interferometry,” J. Phys. Chem.
B. 103, 6069-6074, 1999.

[7] Kazem Jamshidi-Ghaleh, Mohammad Taghi Tavassoly, and
Nastaran Mansour, Diffusion coefficient measurements of
transparent liquid solutions using Moire deflctometry, J.
Phys. D: Appl. Phys. 37, 1993, 2004.

[8] N.Bochner, and J. Pipman, A simple method of determining
diffusion constants by holographic interferometry, J. Phys.
D: Appl. Phys, 9, 1825-1830, 1976.

[9] A. Anand, V. K. Chhaniwal, and C. S. Narayanamurthy,
Diffusivity studies of transparent liquid solutions by use of
digital holographic interferometry, Appl. Opt. 45, 9049,
2006.

o b Lty co o g Seslail o g (B dese «plo axI[V 4]

Sy g S 3B b LB Ay Sl eslial b ale

i o sy e oS80S | Sigish 5 Syl il s
\yay

[11] M. T. Tavassoly and A. Saber, Optical refractometry based
on Fresnel diffraction from a phase wedge, Opt. Lett. 35,
3679-3681, 2010.

[12] M. T. Tavassoly, M. Amiri, A. Darudi, R. Aalipour, A.
Saber and A. R. Moradi, Optical diffractometry, J. Opt.
Soc. Am. A, 26, 540-547, 2009.

[13] Cussler E. L., Diffusion-mass transfer in fluid systems, third
Ed, Cambridge University Press, 2007.

LA = 63281 oo Jsb b o pliS5 a5l 05
398 o0 S5lge 9 5L C (owae s BE oLa3 4L jloslarsl
095 ad 5l Al b S (oo yome i3y (P 5 e 9
10 5 &S CCD 90 Loy g LSS odnline aorans (o
@ by (iln lon 8T UKD 09l e 0 23S TealS
t =gl ol oly ol = Kb as,oV Jolme 25y

Ao oo yLis 10, 30, 60, 120 min

o Ghg) 3l eslaiul b ogS ad sliwl, jo Sads ao598
2l Sy o)lo glog b 5 5 09d oo el a8
slagley o il slay 8 5 (o) F g () F UG
U5 e 0 o0ls iuled i 5 40 £ = 30,120 min
Oeizme g bagle) (nl )3 SwSh o pd @i (A O

Do o Ghaled | LT BT () 0 Ui

GrSolal cds 4 clile gSejlail jo couald pac
Sade (£) alal, 5l eolazwl bsyls ‘;w S g
Wl Gy 00,3 0.07 cAn = 1075 gl )]

= oads oaly lad e o3b I SR TRV A RV-P
odol  Cewds (048 X 107° +0.02 X 1075)cm? /s
Yo o ool (155 polie b g9 33lg 0 a5 ol

4
1.336 Ryl
1.335 4
& 2
=
_13u 2
=
g g °
1333 o
-2
E
1.332 "
1.331 -6
% 3 0 3 6 % 3 0 3 &
y(mm) y(mm)
(A (o)

= slale; ;5 Lidu Oy oSS oo aisd (Gl 0 S
LT Jolis (0 5 30,120 min

S5 ez -0

Gl sloslatnl b mbe jo mbe sy oy )5 cpl yo
S Ghgy ool 5o el Cendy (53 098 S ad I il
dgde o slan g o iy hxe Sln glogn s
@598 had Gy, Sl eoliiwl b oy 8 Julow gl e
OYode I 4 bapyd Ll opdyee Oy

a3l (g yiws BBWWW.OPSLIE colu jo a5 cul jLael slls )90 5 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1442-en.html
http://www.tcpdf.org

