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Abstract

The mixing of a pure liquid and a solution in a vertical column produced a
concentration gradient, which results in refractive index gradient dn/dy.

A He-Ne laser is directed onto a glass cylinder whose axis is perpendicular to the
beam and 45° to the vertical, spreading the beam into a plane. The light striking a
container of width a containing two liquids of two concentrations in contact produces a
Gaussian curve on a screen at a distance r from the container owing to the refractive
index gradient of the solution. The maximum vertical deflection Z of the Gaussian curve

varies with time t. By measuring the deflection at y=0 of different time t and drawing
the plot ofz—l2 —t, we can get the diffusion coefficient D of the solute.

As for diffusion between two binary mixtures such as water and glycerol, the
diffusion coefficient was found to be sensibly independent of glycerol concentration up
to about 7096. The maximum deflection Z of the Gaussian curve not only shortens with

time but also tilts to the glycerol side. We measure the tilting distance related to the
height of liquid y and time t. We can get the value of D from the plot of y — Jt. Values

of the diffusion coefficient measured by the two simple methods have the same result.
We have presented a simple experimental technique whereby one may determine
the diffusion coefficient of solute particles in a liquid. The results are in reasonable

agreement with those obtained from more sophisticated techniques



5‘ 2 .
- LR
B E 0TI G sk nih 4T R SRS By IR SRR KGR R T
B TR AOEPREER SRGAP THBI- B ST LRE

BER KBRS Frm:}i% FQUss

B E Ben:
11 3 sk Rata % Rde Fee BIE3F e ol o
2. 'H B ER }\/pn’:@ﬁ’»“ 'ﬁ#ﬁ'—}'ﬂff%ﬁ&mﬁ'zg | & S ’F&mﬁ'gi DS

ERY R

1 k7R ® 3 Fenghic Al ) (CGS 417 #c® 5 5 10°~107°) » #i* Fleha ;8 4
Ilcsdle A Y FRIRFFET B (L2580 iR o

2. % 425 2 WAE R F I RIS LTI Gk TR 7 iR T 8t
PR o B SRR E H A5 gl RS 0 PR AT AN KRR
FRBERTGZ AL 0 B DAY R d O RDs F T f%}i(j_;)ﬁ
B R ()R R 0 R PRk

3. G Gaffney(2001) 1 * F 545k R b4 n i FRpasp-Kiz i o f’rﬂ;?—y@ R
y

FTALE A @ m S ERpAAN F AT (D) 0 N~ B BT MO F NP A fof
e mg—;— y Bt o G Gaffney % A » 23 2 il & Fpdc el o
4 BRBFRF IS T F ok ikt A

£ty e it S RIS T OB AUMOE R KRR B oAk -
5. ikt - BLMAE S R EA BERE S T ENFRE KBRS

T ehgpic e o



>0

t=0

Bl- @3RG BITH S - e R & & 457 AT M SE RIS T
RARTITH IR R T ARA Y FREVI Moy AL R
WE R Z587)0 Mehdk iz § o

L 228 Rha Fiatl 3 FaukRd T o b drnRps o 37605 7R > JER

Iy E y+dy o F7E5FF A B 5 n+dn 2 ne

Bl - #7177

1
1
1
1
1
N

= 03k AR iR e



ct ct
o = /N+dn _ A _d_n_Z o
! y y+dy dy y ar

NI g R TR S R

D: :y%('é‘ﬁt C:kR -

2
(2)Fick % = ”I;%—@:D%
ot oy
(3)% %)% BT 4B #iblie 0 2K Fk o £ 2R 5 Ay=0 y<0 du C=Co =73 ik 5
ek R y>0 A C=0 £ F kit d B e

E B TR SRR R (D) S AT @ %gbéiﬁfm”ﬁ)

dn dn dC
5 Ty 15;\' J’F ]“’- ’ \:} _ . MF’
(B)# 78 F ek B = SR (2 pF dy ~ dC dy

dn Z nl—n =

- = 4Dt (4)
dy ar NS
N & RkiR R ATt S o on, ok aEg o 0N L B Al H PUA LS B

Brd A X LABALW A o

Z n .
3. A ’y—OH%d—y:E 21_ .5) & Zarnn,n, t¥ FFEca%k D d (5)
i‘%szt...(fS)??EﬁB??FJﬁi Z 3t f’riz_tgg] s Al k=
Z [(nl_nz)ar] YA

47D

[(nl —n, )ar]2 )

4, BB Az AR ER o bl4e A58 T KA 2 R R T0%I T e b R B R

()T £ Do

PR Av ok o Hb e P AT 0 T SRR A W R B HATEEA T



B B B FZ T 5 60%:4 b kAR Fdc 300 A4 &AW

REREWhg L o OV D)es Z=

oz __(n—naraD g

Bt hipbcsr — =

at 4(7Z'Dt)3/2

oz

¥ ==0p> #5 y*=2Dt---(8)

ot

_ -y
Mem (B BB K RATIE Z WP
2+ 7Dt

2 y

Lmnar

X
2(#Dt)?  4Dt?

Heo oz o RIREA W RE I A g e B (y) 0 R PR (D)

(@) WiRE 434t -

(b) ¥4 60 & 415 -



(€) #H4c 150 A 481 - (d) #4300 A 415

=
It

DA g T R 60%nd kiR 0 2 KR ok o 4870 ek Mgk

i 4 b () i e

I~FH:

1. #2354 > &5 4 %@ ((20cmx10cm x1cm)
2. B (£ 30cm > L= 0.4cm)

3. He-Ne T #H(2mW)

4, AR~ & s IR NEIELA ~ F M4E - H B E o

LT E
LoRIE-Rendrdf s @ 3 S REFREG KipHZ A€ > RIESES L0 > £7 3

sing
sing’
2. IR R AT e I L AR R

Kts > BEO A

Ik

=nE @k it o

3. 3 AL T R 3L F A SERERARIB R o KL F R TR 4



SFoBFFRFEE EA k0 FALARORS 2 RF LR T kD
BRTL3INA o FHEBE{oA T L A5 I 0 R R 54 0 B
Ph— %0 Mo B ¢ NI R FRE- BPRER o F 4 T W ROt o

4. LA R ERASY W > A ER & -

5. BlE 8 TR a> £ P B DR o PIR &)Y SAPH T Y T RIES Z o

6. ?ﬁe%wzi—m FAFLREDE -

7.4 kAR 3PN > FR3M EEF T8 F4er IcMBervk o 7B F

b0 (Bt ph- 3 2B e 4R R IR 1L PR T AW MUnd B 12 y=0
BT R Z ko T’F%—th’%‘l CH A o d 2 (N)E N
8.t HFd B BsA) W A LB L FREYE N R B (y) Ty -t

Bl 5 DA F s d 2508) B ki Bk
Foo R RERERAN KA R PR IR B % 1 (25°C)

kR | sind sind N
15(%) | 0.3955 | 0.2917 | 1.356
20(%) | 0.3955 | 0.2870 | 1.378
25(%) | 0.3955 | 0.2825 | 1.400
30(%) | 0.3955 | 0.2781 | 1.422
35(%) | 0.3955 | 0.2760 | 1.433

g | B~ | W ||




S & XX
1 B EREAN K R AT I R E R R drd - X Blw AT S (3R

2

dC G, -y dn _n,—n, ei

@4Dt 4Dt

dy 24Dt TEI@F  dy 24Dt

1.46

751 o

10 15 20 25 30 35 40
WL

Ble @ Fn ik FRpedp kg i T o 5OE 0k & (%)% it -

pud

2. kR 28%:hEs (N ER LA

m% —t Bl4eBl T ST HA K S 1.899x107" » = n,=1.433> n,=1.334-a=1cm

47D
[(nl —n, )ar]2

T 18 D:75x1040mj§ .

r=225cm > o (7);V £ F=

0.0055

0.0050 4
0.0045 1
1Z*>  0.0040
(em?)
0.0035 1
0.0030 4

0.0025

0.0020 -
o

0.0015 T T T T T T T T
8000 10000 12000 14000 16000 18000 20000 22000 24000 26000

t(s)
1T 25 o PR ST 2800 5 RRALAM KB iR IR ATHPE T B 14




dn

B = cnfl gk 5 e 160 4 4875 628967k i3 ik 2 q

<

A1 (4)

dn_n-n, e%’zt
dy 2Dt

__‘fr'l‘l%ﬁ

D=7.5x10"°CM"// ey chse s st- d BT 5 M1l

0.14

0.12 4

0.10 1

dn/q¥ 0.08
(cm™)
0.06 4

0.04

0.02 1

0.00 4
M 3 2 a 0 1 2 3 4

yvs 0.1146e

Bl» 0 AR A4 (2896)ndn/dy ¥y B AR > 4 cm i RS 0 FIBEL B RS S -

4. % 60%<ry b ka6 S0 BB R B E SR Z T o f AU gL

SR LS LS DR R () Z 5 Y0 e B D E > R

=

’P:'Li-‘o

W

F = 160% b oRB R Y RE BT EORM ALY DR RLI(Y)Z

A y=0 > 45750 Rz B

t(s) y(cm) Z(cm)
3600 0.28 21.6
5580 0.34 22.2
7200 0.39 19.5
9240 0.44 172
12900 0.52 14.6
15600 0.57 133
17400 0.61 12.6
20100 0.65 11.7
24420 0.72 10.6




5. % = eniicdy (¥ B o

0.8 0.010
0.7
0.008
0.6
Y 2 0.006
(cm) 1/Z A
-2:
05 - (em™)
0.004
0.4
0.002
0.3
0.2 T . . . T T 0.000 : . T T T
40 60 80 100 120 140 160 180 0 5000 10000 15000 20000 25000 30000
l1/2(51/2) t(S)

(a) (b)

1
B - :BO%ﬂié’ki%i&ﬁﬂ(a)y—\/{F&gﬁ@°(b)?—t B % )
6.0~ ()4l 5 4 459x107° d 255(8) y = 2Dt ¥ ¥ it i

47D
D =1.05x10°cm?/s « B= (b)ch4l & 5 3.63x107 ¢ 2 (7)) ————— >

[(nl —n, )ar]z

60%:HH 7 oK i3 i Pt b 2 =1.418 5 -k HdF 8+ =1333 > T R T HHEC Gk

D =106x10°cm’ /s o fo e pLer it men & o

1+ sl iRl endtitdin ~ny 3w 2 oedeF ra~ry~Z 302 g oondk
FootAEe F sk 0 BN RGBT o
2.7% WendT s AN o B AT A 0 JBR Cap R It F Gone
2 2

ﬁ: r]s _nf
d¢ 2/n*+cln,’-n,?)

nzznf2+C(nsz—nf2)...(9) , ...(10)

e d BNk hoBle B o R T 28% R R FRERAN KA R 0 H 3T S o

dn dn dC
ERB AL RME o RN ] =k
T S e

T2 (4);58 -



4.

5.

2
aC:DéC

E:

C, y
C="2|1-erf| —— ||...(2
B s ® 2{ ° (Zw/Dt} @

B 585 34 Sde(error function) o

BT R R R P > B2 Nes T

i __ G
dy  2/xDt -

2

dn_dn dC_ dn_Z n-n, 35
A7 ¥ LR NMMM G ) —=— . @ =" =1 _2g4nt (4
P R Ty ey a2

1% 20 (G RIBAC A BPE - L ERIEN SN, ATy Z et B T BHFEE

>N\

AN Shplk S PIREE R AN S L B ERaD R

BFE AR L AL c AP AR HAHIE Y o By=0- @# B IR

dn Z n 1 o
= ...(5 - #73] —tM i mE s A ?”ﬁ;"ufé_ﬁ’\z
dy ar 2«/ Zz
frtﬁfﬁ*ﬁﬁ—_ﬁ T\»l/ «ﬁfl«)xlﬁlj__’fljgﬁa \r»nlvfrnzflp"; %g#%%i_ﬁ,‘:gtD’

S E O FREES R

Frik FRpL AN fBAT Gl RR Rk AR d I VR NS HER ¢ o

CRARE R TR DTN £/ i SN Bl RS R
dn

3T a‘«ﬁ{xk »(8)}\ | ? —y ﬁqggzﬁr—gg%@' o ff? K#?%md_ —y AR
y y

E?Eﬁ‘”}:ﬁ? ¢ om yﬂ}fr'tr"; B 412 ,f%y_\/fgl, B Al o, o '4}5{\:(8)’

g1
=

S

Bl AL PN R B EER 3em o 2 F R S P AT < (o
ﬁ{%é‘%ﬂjﬁ B B H %ﬁi&ﬁ300m’"ﬁ-u#?uf‘} m,}fé [gv"_o?lk"%

2 ERIBEERRE R TR RMER S PP Loy ES ] 0 7 5B

10



6. &= }g"%?ﬁii‘riﬁﬂ'&:}}% Fr e ¢ F Sk RAT2 ~ Moiré pattern;z ~ F g R 2 R
L &xfE 0 1975# Barnard#7 % B 1 kg SR BATIE A S RE B 2 > A

SRSk D i T s T Rl E A

v
4
gk
-g;;

AF A @ E B2 kT s SERTIR % T LR R R A T et
EATS S HR 0 X B AR R R BATTRECT & FlAp oy A SR 2y
AR AP SRR H P T SN E > T LR MR

el 7 ﬁﬂ.é—g%fr? —y B2 @)%Jeﬁﬁ:iw@t¢ Ava b o
y

FRAGGE ~ f 240~ v g i T IY G ok hif 377 L3 R TR SR o

PEARY 42 EALEFRLES Y T4 www.ntsec.gov.tw

2. FMa Y R o FIRAT C MiApsh 0TI T Sk i ARl B R Al

PENRY A9 EFLEERLES Y F 2 www.ntsec.gov.tw

3. A.J. Barnard and Ahlborn “ Measurement of refractive index gradients by
deflection of a laser beam “ , Am. J. Phys.43(7), 573-574 (1975).

4. F.A.Bassi,G Arcovito, and GD’Abramo “Improved optical method of obtaining
the mutual diffusion coefficient from the refractive index gradient profile”,
J.Phys.E10, 249-253 (1977).

5. F Francini, P. K, Buah Bassuah and F. T. Arrechi ~ “Scanning beam technique to
measure small diffusion coefficient” , Optics Communication , 05,285-288(1994)

6. G Gaffney and Check-Kin Chau “Using refractive index gradients to measure
diffusivity between liquids” ,Am,J. phys, 69,821-825(2001)

7. W. Jost, diffusion in solid, liquid, gas, (Oxford 1960 ) pp 474-479.

11


http://www.ntsec.gov.tw/
http://www.ntsec.gov.tw/

Nonlinear diffusion dynamics measured by using

asimplelight transmission method

2010 ISEF Taiwan Finalist Physics

Yu-Sheng Huang

Project ID : PHO15

12



| ntroduction

Refractive index of a liquid depends strongly on the concentration of the solution. It is known that a
concentation gradient will be generated in the interface regime when two different liquids are brought in
contact. When a line laser beam is directed onto the interface of the two different liquids, it will produce &

Gaussian profile upon transmission [1]. The transmitted Gaussian profile is very sensitive to the
concentration gradient in the interface regime [2]. We set up a simple apparatus which is able to measur

this transmitted profile at various time. By measuring the time evolution of such transmitted Gaussian
profiles [3], the diffusion dynamics between two different liquids can then be revealed.

13



M otivation

The first time | came across diffusion dynamics was when | was learning chemical kinetics. Figuring

out thediffusion mechanism can help me to understand the rate constant. Being curious about this subje
| asked my teachers for more information about it. They then suggested that | should read journals like
American Journal of Physics to get more information about diffusion mechanism and its related diffusion
coefficient. However, the way nowadays scientist use to measure diffusion coefficient frustrated me due
to its complicated mathematics. Also, what will be revealed from the measured diffusion coefficient with
the other physical parameters also interests me. Thus | design a series of experiments, hoping to find ou
better and easier way to measure diffusion coefficient and the factors that may impact it.

ok wnNPRE

Research Goals

Design simple and novel equipment to measure diffusion coefficient.

Study diffusion mechanism.

Takeglycerol and sodium thiosulfate as an example to study the factors like temperature and
concentation which may affect the diffusion.

Studying time evolution of diffusion for certain concentration and temperature.

Figure out the diffusion mechanism in water/glycerol-water solution and sodium thiosulfate-water
solution.

Apparatus
A container (b)
A glass rod He-Ne laser Glass rod
He-Ne laser :

e bath Container
Samples : glycerol, sodium thiosulfate

= 0 water part i e
¥ | i r
y = O initial interface  «——— .

L[z S ".*
y= 0 glycerol part ‘*’7\ \

The referring dip <

screen

Fig. 2 (a) Photo and (b) Schematic illustration of the experimental setup

14



Background Knowledge

Fick's first law: J= —Da—C -,
oy
2
Fick's second law: %—(t: = D 9 C -(2),

. A confainer with width als‘lll ed in the diffusing liquid.

When the refraction index reduces from
the top of the container as shown in Fig 3,

ct ct
Wehave:aleden: n _(3)30'” n_ 7_(4)
y y+dy dy y ar

. Att=0, lety =0 for the interface of the liquid; y > 0
for glycerol part; y < O for water part.

. Fortis greaterthan 0, |gat==0 G 1-erf
° ) [ (N_ ﬂ
Co -

and 9€ - _ et — (5) from Fick’s law.

dy 2D

Container screen
Fig. 3 schematic illustration of the tilt
of laser bean as it pass through a
solution with refraction gradient

-y

n n-n,
. From chain ruIe—-—BOL and combine Equation (4) , (5), | e%— 2 @bt — (B).
@ q 4),05) 19 2Dt (6)

dy

Wheny =0, Z
ar

F -

. Equation (6) can be rewritten gs= & (. ~N,)
2\ 1Dt

Wheng—f =0, | have y’_ =2Dt—-(8).

kgT

- . . D -_b
. Stokes-Einstein equation 67R1)

Physical parameters:
J: is the diffusion flux
C : weight concentration
n : refractive index of the liquid
D : diffusion coefficient
t : duration time
T : temperature of diffusion
a : width of the container
r : distance between the screen and container
y : position relative to the initial interface
z : vertical shift of the dip
Ymax : the y position at z maximum
n - viscosity of solution
R: the radius of the solution particle
Kg: Boltzmann’s constant 15

2)e%t,then 9z _ _

7Dt

(nl B nz)a”D e"ﬁ + (nl - nz)ar % y2 'ﬁ
4(rDt)%? 2(/bt)Y?  4Dt?



Methods and Experimental Procedures

1. The solution with temperature T is poured into the container up to 3 cm height, and then fill the
container with water very slowly up to 6 cm height.
2. Aglass rod tilted 45° to the vertical line. Direct a laser beam through this rod to strike the container.
Thenthe transmitted laser beam is projected on a screen
3. Measure the displacement on the y and z axis on the time evolution transmitted profile, the following
mettods are applied to measure the time evolution diffusion coefficient, thus reveals the diffusion
dynamics.
4. From the transmitted curve, there are two methods to get the diffusion coefficient D :
A. The method to apply equation (7) :
(1) This method leaves out the exponential function. It can be applied in the liquid that has no
significant variation in the y axis, such as sodium thiosulfate-water solution.
(2) To calculate the error associated with each estimation of the diffusion coefficient D, in
equdion (7)= D :W. Standard rules for propagation of errors are then applied.
_Zar(n, -n,)f’az __anz
472 %t z

If we denote the error associated with DAY, then AD = D,

wher Ay =+002cm. The error AD is about 0.4~0.07D.
B. The method to apply equation (8) :
(1) This way not only leaves out the exponential function, also just two parameters have to be
putin. This not only makes calculate much easier, but also increases the accuracy.

(2) To calculate the error associated with each estimate of the diffusion coefficient D, in
2

equdion (8)= D :yE' Standard rules for propagation of errors are then applied. The

errar associated with D 4D , thenAD = @ - 2Ly D, whereAy =+002cm. The error
y

AD is about 0.4~0.1D.

Results and Discussion 0016}
1. Sodium thiosulfate-water solution at'@0weight ootal
cone@ntration 21%, the variation of f/with e
O
time is shown as figure 4. The diffusion 3 0.008 L
coefficient calculated by method A is “51
0.004 -
75x10°° cm% . These results correspond to
the theoretical value [5].Because there is no 0000 00 8000 12000 16000
significant variation in z axis, | will not apply Duration of diffusiont (s)

the method B to get D. y Fig. 4 The variation of 1/z” with time



2. Water/glycerol-water solution at ZDweight concentration 60%. The variation of“Mith time ,and
y with time at the power of half is shown as figure 5. The diffusion coefficient calculated by method A
is 146x10°cn’/s; cdculated by method B isl.07x10°cm? / s, these results is quite near the
theoretical value.[5]

0.007 . . . 120 —
(a) - Water/glycerol-water (b) - Water/glycerol-water
0.006 E 100+ i
L C=60% T=20°C C=60% T=20°C
- 0.005 - B 8oL i
NE L - |
S 0.004_- 1 & of |
«, 0003F 1 > ol |
= I A
0.002} .
L 20+ 4
0.001 . i
1 1 1 0 1 1 1 1
0 3000 6000 9000 12000 0.2 03 0.4 0.5
Duration of diffusiont ('s) Duration of diffusion t** (s*?)
Fig. 5 The variation of (a)1/z* with Duration time, (b) y with ¥
. . 0.12 T T T T T T T
3. The asymmetric profile of the dy/dn curve B Water/glycerol-water M
. solution, C = 60% /. \ T=20°C
observed for the water/glycerol-water solution . 00g| ® Hduminosiiae W M {=9000sec
(Fig. 6, filled squares) shows that the diffusion g c=21% \
o
in such a system occurs in both directions, where > 006
water and glycerol molecules can effectively =
©
diffuse into each other. 0.03
4. The symmetric profile of the dy/dn curve observed 000 3 2 1 0 1 2 3
for the water/sodium thiosulfate-water solution y-axis displacement (cm )

(Fig. 6, filled circles) reflects that the diffusion Fig. 6 Comparison of dy/dn along the y-axis

. : direction for water to diffuse into the two solutions.
occurs only around the interface regime.

(@) t=0 t>0 (b) t=0 t>0
Ymax = 0 Ymax = 0 Ymax = 0 Ymax & 0
water water water watar
sodium sodium N\ | | ﬂ_ﬁ ‘U“ ﬂ
thiosulfate- .\, |thiosulfate- LN glycerol-
water ’ water ¥ . water glycerol-

water

Fig. 7 Schematic illustrations of diffusion dynamics of (a) Sodium thiosulfate-water solution.
(b) Water/glycerol-water solution, where yn.x indicates the position of the maximum of dn/dy along y-axis.
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5. The thermal diffusion coefficient of the glycerol 7

-water solution exhibits a sharp increase above | Water/glycerol-water solution  C =60%

303 K (Fig 7), which can be described using an 6 DIT=A +Bexp{AT-T)} .
exponential increasing function (solid line). Q T,=303(K
= A,=3.5(1)x10° em’/K s
“g T B, =0.46(1) i
6. The sharp change can be originated from the @: 5= 0232) K"
breaking of glycerol-glycerol bond, which allows = 4} .
the formation of hydrogen bonds between water and E
glycerol molecules to form water-glycerol complexes 3} . . . . . . =
(Fig 9). The temperature constant Ty = 303 K obtained 288 292 296 300 304 308 312
from the fit represents the temperature above which . Temperature (K ) -
the thermal energy can effectively break the glycerol Fig. 8 Temperature dependence of the diffusion
_glycerol complex to form water-glycerol complexes. coefficient of water/glycerol-water solution.
4-0 T T T T T
T, =303 K Sodium-thiosulfate-water solution
kT, =26.1 meV 35} 7
C=21%
@ 30F -
C gﬂ 0 ; D/T=(D/T 1)
‘I./' '\\‘ I/' "\‘I N\ = +
) % (9w g 25 (D), = d .
P =} N )
Thermal v 23 kBTO "~g" =
assist g = 2.0+ i
IncreaseT | s L5F (D/T),=-15.63241 (10" cm'/k s ) 7
_— 0 . @ = 0.06235 10° crlnz/kzs)
To270 280 290 300 310
- Temperature (K)
Fig. 9 Schematic illustration of the potential Fig. 10 Temperature dependence of the diffusion
barrier for forming water-glycerol complex. coefficient of sodium thiosulfate-water solution.

7. The D/T of water/sodium thiosulfate-water solution increases linearly with increasing temperature,
showing that there is no critical potential barrier for the diffusion at the room temperature regime.

This character of D/T may reflect the diffusion to occur mainly in the interface regime.

8. The higher diffusion coefficient for the solution with a higher glycerol concentration reflects that the

interaction between glycerol and water molecules is noticeably stronger than that among glycerol

~
molecules. = ' ' ' T RegimeI: 2 ® ' ' T
“g [ Water/glycerol-water dif%usion' g Water/glycerol-water solution
. | S
".’Q 4| solution ! controlled by] T .,l,o D=D + aexp(-V/ 7)1 T=20°C
= T =20°C ! fnolecul?\r + S 6 :
= 3t Regime IT : X interactiony/| | E e 7OZA)
5 Diffusion ' 2l : : ZSOA; |
;E: c‘ont‘rolled !)y ! é L A IOOZ”A)
5 2rF liquid density | / k 3 |
51 S |2810 [
= — = 2r | i
e 1r §—;_ —H—— 4 =] |
2 Z
£ | & oL B360s RegimelI | Regime II
a9 30 P % = % 6000 12000 18000
Weight concentration ( % ) Duration of diffusion t (s )
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9. The diffusion coefficient of water/glycerol-water solution decays exponentially to a finite value within
theduration of diffusion (Fig 8), showing that there are two mechanisms that control the diffusion.The
diffusion coefficient exhibits a sharp increase when the glycerol weight concentration is higher than
70%, at which the molar ratio of glycerol/water is about 1/3 (Fig. 12).

10. If Stokes-Einstein equatidfiis valid, then product of D/T should depends on the viscosity. For
sodum thiosulfate-water solution we can find out the T/Pfigure display a linear line, which imply
thatthe Stokes-Einstein equation is valid. On other hand, in water/glycerol-water solution, it's not
linear, thus it’'s cannot apply the Stokes-Einstein equation (Fig. 13). This may be caused by the
intermolecular interaction between glycerol and water that triggers diffusion, making diffuse between

glycerol and water not mainly determined by viscosity.
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Fig. 13 Variations of viscosity with T/D of (a) sodium thiosulfate-water solution,

and (b) Water/glycerol-water solution.

The M echanisms

(@) @D

molecular bonding in each glycerol molecule.

.,,( ‘ ‘J There are three OH groups available for inter
Bd

9 ® O 1. Regime | : Diffusion controlled by

"t | OH inter-molecule interactions. In the present

(b_) ’) case, it is the formation of hydrogen bonds
between glycerol and water molecules that

trigger the diffusion (Fig. 14).

2. Regime II: Diffusion controlled by the
similar but slight difference in water and
glycerol densities

Fig. 14 Schematic illustration of the two mechanisms:
(a) Regime | :C>63%, intermolecular interactions, and
(b) Regime Il : C < 63%, weight density diffusion.



Conclusions

We provide a simple setup and an easy method to quantitatively determine the variation in diffusion
coeficient during the process, which can qualitatively reveal the diffusion barrier. This method can
also be used to measure other solutions.

A thermal energy higher than3d303 K can effectively break the bonding between glycerol-glycerol
molecules.

Two mechanisms that trigger the diffusion in water/glycerol-water solution have been identified.
Inter-molecule interactions control the diffusion in high concentration, whereas the weight density
differences between the liquids drive the diffusion when inter-molecule bonding have been saturated.
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