£iM1= 0 01 & | S

AL
(il £+ K R (50 ook
AT - g e

R Bl B

e H o R
P f R

45
i

BFRRAIR T Rt i At - FIPTBREE S 1B 75 1
S FOPEST - FRRE RAT TN > AT R -



f’r—‘ﬂkﬁ\é;
P FIT s R EFAAFTHELIEI P I H

A LR R E AR DR E Y BN R

G RNBEEEASEE R KT L xh S W R

R AN rR A EFHEAF TN F AL£R LT F R

£ 7 | ‘%"--lﬁ'",%”) 4L BEH At g o T W

%’;,ty»;;\;g{y; FE P A EF Yo _uf;;i;f;}i_g?

PR | % év’vﬁ)f%é:"?% o



Micro Experimentation and the Exploration of Reaction Rate

Abstract

In order to facilitate a paradigm shift from traditional high volume chemical
experiments to an environmentally friendly microdose experiment; I had to innovate
and overcome a lot of difficulties. After six generations of experiment design I
successfully reduced the volume of the combined reactants to a single drop.

[ utilized many recycled components to build my apparatus including a vintage computer,
a simple CD disk, optical sensors and a transistor from a common computer mouse. By
using a CCD monitor with an external camera feed, the single drop chemical reaction
can be observed in real time and a recording of the event can be made.

[ chose the focus of the experiment to be the reaction of sodium thiosulfate
and hydrochloric acid to create a colloidal solution of sulfonium nanoparticles. By
employing a custom-made transparency target to achieve a higher precision of

measurement [ have also conducted deeper research into the reaction order and the
rate constants.
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an |y |LesHEDI/CHCDE Z BFRE L (S) \wpe N (1/6) | (W/s)

0.2 1.0 |-0.69897 | 5.00 |21 |21 |21{19(20f 20.4 |0.0490|0.0098

-0.39794 | 2.50 | 14|14 (13|13 |13] 13.4 |0.0750 |0.0300

-0.09691 | 1.25 |11 |11}9 109 | 10.0 |0.1000|0.0800

-0.69897 | 5.00 |36 |37|38|33(35| 35.6 |0.0281 |0.0056

(e} Nen]) e} N an)
= | DO | OO | =~
OO ||
OO o O

-0.39794 | 2.50 | 19|19 (20|21 |21] 20.0 |0.0500|0.0200

K F Bk 55\ Srate=—A[B]/ At=k[Na:S:0:]" [ HC1]"
1. 4~ #p & Js# 5% (initial rate method) & iz %[ HCl]#faF e chd- kR @
[Na:Se0s ] & 2k R ek Jif 2 adFr F 2 7 o W RIVER R HF BA~ R 5D
PR B R R N e
r2/11=0.030/0. 0098=3.06=2 ""
=k (1.0) " (0.4) "/ k (1.0) " (0.2) "=2".".n=1.61

r1/11=0. 08/0. 0098=8. 16=4""
=k (1.0) " (0.8) "/ k (1.0) " (0.2) "=4".n=1.5

rs/T2=0.08/0. 03=2.67=2""
=k (1.0) " (0.8) "/ k (1.0) " (0.4) "=2"".n=1.42

rs/1:=0.02/0. 0056=3. 57=2""

=k (0.5)"(0.4)"/ k(0.5)"(0.2) "=2"".n=1.84(& % 5 = ¥
F Lk F o AR 0. E A AR ER T3 B E 2 F IR A R
R FHED P FIERA AR Rl L Er)
d PR B F R @ Bk BESF BB 1Lb&F B
2. 1L vigE A (FBE AT i enlicdh 0 B P i hF pdiche T
(D [Bl¥t TR A 2%EE 2 R%F B?

PN S TS SIET S 291 T I B £ S X0 3

1 [B]vs. t
3‘2 v = —0.0533x + 1.2455 |—e—icl

0.2
0
10 15 1(s) 90
F % AL
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(2)12 log[Bl4tt *B k2478 3 52— % F 2

WA~ %RRARERRBEM A MBY HF BLE - 5F &
' ITog[B]vs. t '
15

O I

20

0.2

log[B]

-0.4 ——iC]

g [¥=0.0557x + 0.4148 — s (HCD)
R = 0.9616

0.8 -

t(s)
BE 4220 dR=0.9616 kf LG - LT -
() 1/[Bl3 t iTH k2% 8.3 % - % F B ?

Bl R RARERPBELACBSFE RET - %F
B1/[B]vs. t

6 —
5 /_
4
=g ——— —t— | /[HC1]
= 9 XY = 03601X - 2 3403 —_— g (l/[HCl])
1T/ RZ - 9999
0 : : '
10 13 t(s) 16 19

B RDEAMM G RAL REAPF d SR 58T

1
1

hu

o

(P35 WA X 5 F psdicn™ ZRate=k[A]"[B] "=k [B]" > FlAe

ER ABE 0 VAL ¥ k- i o Cllog(rate)=nlog(B)+log(k’ )

Log(HC1) -0.69897 -0.39794 -0.09691
Log[rate] -2.00877 -1.52288 -1.09691
Bt - s HEES D REHE SRS F Bk
. . . log[B]vslog(rate)l . . )
0.8 0.7 0.6 0.5 0.4 0.3 0.2 01
E§ - N
© *- —2
N> y = 1.5146x - 0.9401 .
2 RZ = 0.9986 3
-5
log[A]
7R A MR F TR R R A S 5 15146 0 (HCD$F F i adiceh 5F

s L5%F g o
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[Fie ]l S RACRBALABRERAMNERNE LR
\AM |‘&
T BNaS:0s 5 F T F 2 arlg

FRE S

F

T R @

HC1 5 B & :## > 0% T~

0 LY

2% 217
R

HC1 |(Na:=S:0s)
(D | QD

Log
(N3252O3)

1/ ( NaQSZOS)

FRFERt (s)

TinF
PR (s)

Rate
(1/s)

Rate
(M/s)

1.0 | 0.025

-1.602060

40

350

320

374

371

325

348.0

0.002874

0.0000718

0.05

-1.301030

20

174

171

173

175

173

173.2

0. 005656

0.0002886

0.10

-1.000000

10

65

70

63

64

63

65. 0

0.015920

0.0015384

-0.698970

5

32

32

30

32

31

31.4

0.031850

0.0063694

&
f&:#
HC ]
1”2/1”1

rs/1r1=

r/1T1=

E;I—ate——A[A]/ At=k[Na:S:0s] "

[

HC1]"

% (initial rate method) 5 2% [Na:S:0s ] F B4k m H

0.0015384/0. 0000718 =21, 4=4>"
=k (0.1) " (1.0) "/ k (0.025) * (1.0) "=4".".n=

0.0063694/0. 0000718 =88. 7=8 **
=k (0.2)"(1.0)"/ k (0.025) " (1.0) "=8"

rs/T2=0.0015384/0. 0002886 =5.3=2 *"

=k (0.05) " (1.0) "/ k (0.025) " (1.0) "=2".".m=

ri/rs=0. 0063694/0. 0015384 =4. 14=4=2"
— Kk (0.2)"(1.0)" k (0.1)" (1.0)"=2""
LT SUESUE STR-ECN NIy SUEIES LR A

d

RRINRE - AR PEPAR S ) S

LE /&}imﬁ AERENCEL SRR SRR Doy
CER HOF ik Nt e T
0 0002886/0. 0000718=4.02=4=2"
=k (0.05) " (1.0) "/ k (0.025) " (1.0) "=2"".m

|

.Mm=2

v HhE s licheT

2

2.2

2.2

2.4

) R S R

(DAt TR AN E T 2 2% R? 2% i d TR 2% & o
ML= e Rmr e kAR B OF BT 5
Pl 255 R[Alvs t
= 0.15 = —0.0005x + 0.164
= 0 ——R=0:70%
-0 — - —
0 . L L 1 1 L
0 50 100 150 200 250 300 350 400
t(s)
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(2)11 log[AJ$f t (FW & 2|88 3 5 - %F & ?

WMLtz %RFAANERPERBBERROF BELTEE (o
=& F Klog[Alvs t | , . .

O 1
50 100 150 200 250 300 350 400
-0.5
= y = -0.0026x - 0.7476
gl = 0.92
-1.5 —
,2 L
% 1 d P BT 2 Ao
B 1/[A]JH t TR RH% L E 5 - %F K7
Blte #ZBRAAAEBHLERRBERROF BT 255
50 r 1/[A]vs t
40 40
= 30
< 50 = 0.1079x + 2.055H7
10 RZ = (. 9958
O 1 1 1 1 1 1 1 ]
0 50 100 150 200 ) 250 300 350 400

R IRIEIRBM G TR REAER SRR Ball 2 RF o

(DB 5 NEAF L F Rafka> ZRate=k[A]"[B] "=k’ [A]" FIB#k
B LiEE 4ﬂp#§ﬁﬂ—pﬁp°”hgﬁauDZMOﬂA}+mgk’)

WL NEEEZH IR AMEBEHLERRF okl

L 1 1 lOg[A]V|SIOg(ral'te) 1 1 1 TaY
U
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= 2.1827x - 0.6618 .
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0.2 1.000 [1.0000001(0.08944| 20.4 |0.0098000 0.10957
0.4 1.000 [1.0000001(0.25298] 13.4 |0.0300000 0.1185H9
0.8 1.000 [1.00000010.71554] 10.0 |0.0800000 0.11180
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[FL2 14> BERMIHMECRRL)E: BERF B F R P
0 2 3 e % 7 R (SR B B R enE i %5 3
rate=—A[A]/ At=Kk[Na:S:0:]° [ HC1]"®
2. K S ez fR2 TALRET o TR F REAR T € HF Bxdka ¥ ¢ RTH
FReg 40 "TREREXVETF BEF VKt ) R kEE4oT

2 5% | NaCl | HCl |(Na:=S:0s) FRFEFRF t|T®5 | Rate | ¥ B
g | QD D | QD NS0l aeD | (s) | BFEE I (s) | %
o (s) ¥ i k
5 — 0 0.2 0.1 0.01 |0.08944|150(168|174| 164.0 |0.000610|0.6817
= 1.0 ] 0.2 0.1 0.01 |0.089441264(286(217| 255.7 10.000391]0. 4372
5= 0 0.2 0.1 0.01 |0.08944 186179202 189.0 |0.000529] 0. 5916
= 11.010.2] 0.1 0.01 |[0.08944357|310(314| 327.0 |0.000306| 0. 3421
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e S 0 [0.2] 0.1 0.01 |0.08944 |153|143|158] 151.3 {0.000661| 0. 7389
= | 1.00.2| 0.1 0.01 |[0.08944|264/230(287| 260.3 0.000384| 0. 4294

S i A REHAC SRR R
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2o v pEEIOT - ARRFRRREMAMEBELZRCABR TR T REHRIT A

¥ - #E 0. 05M4ml Na»S:0s7% i% f= 0. 2M2m1 HCI

FREREG)| 0 2 | 4|6 g | 10 [ 12 | 14 | 16 | 18 | 20 | 22
* & & (lux) | 457 | 500 | 497 | 491 | 467 | 431 | 369 | 303 | 203 | 207 | 169 | 141
FRePRE ()| 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 46
k& E (lux) [ 121 ]107| 98 | 89 | 83 | 78 | 73 | 69 | 66 | 62 | 60 | 58
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k& @ (lux) | 56 | 54 | 52 | 51 | 50 | 49 | 48 | 48 | 47 | 46 | 45 | 45
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£EE (lux) | 94 | 86 | 78 | 75 | 67 | 64 | 58 | 55 | 53 | 49 | 47 | 45
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FRsmRE ()| 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 46
kARE (lux) | 24 | 22 |20 | 18 | 17 | 16 | 15 | 14 | 14 | 13 | 13 | 12
F R (f)| 48 | 50 | 52 | 54 | 56 | 58 | 60 | 62 | 64 | 66 | 68 | 70
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