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I am Chen Yang Yi, a senior high school student in Kaohsiung Girl’s High School.
As | learnd more about science, | was more interested in it. And the pleasure that
brain storming brings to me makes me more active in trying new things.

As far as | am concerned, participating in the International Science Fair is a
chance not only to cultivate the good attitude toward studying but also to make my
thinking more logical. At last, | believe the efforts | have paid in this studying will
end up be worth it.
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I am Chen Ying Yi, a senior high school student in Kaohsiung Girl’s High School.
As | learnd more about science, | was more interested in it. And

I enjoy thinking, which improve my ability to solve problems and to break
through challenges.

As far as | am concerned, participating in the International Science Fair is not
only a chance to cultivate the good attitude toward studying but also a chance to
make thinking more logical. At last, | believe the efforts | have paid in this studying
will end up be worth it.
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Abstract :

This research is aimed to make an in-depth exploration into Raoul’s
Law and Henry’s Law by using an accurate but simple vapor pressure gauge.
The gauge is constructed from non-complicated electronics components-

electronics IC PCB, film resistor, digital multi-meter, and battery.

In the first step, we measured the vapor pressure of six kinds of
liquids and 3 ligquid mixtures- water, ethanol, chloroform, acetone,
benzene, toluene, mixture of water and ethanol, mixture of chloroform
and acetone, mixture benzene and toluene. From the results of this
experiments, the vapor pressures of water and ethanol liquid mixture,
and chloroform and acetone liquid mixture were slightly lower than their
theoretic values-called negative deviation solution, while the vapor
pressure of the benzene and toluene liquid mixture was quite close to

its theoretic value—-near an ideal solution.

In the second step, the individual vapor pressures of water, ethanol,
and chloroform were measured at various temperatures; the vapor heat (AH)

were calculated by using the lausius-Clapeyron equation.

In the final step, we used the gauge and other non-commercial
instruments to measure the B.0.D. values of water from the Kaohsiung
Love River, found the P-T correlation using Gay-Lussac’s Law, and

calculated the absolute zero temperature value by extrapolation.
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PR | AR - R s

(= K] R M R AT plopE = S R
% (30°C) > B %ﬁﬁﬁf[l R R
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C>I@%$%ﬁ FETL ST w
(e |
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© O 5T AT

(=) 7
t(C) T(k) P(-}<)mmHg 1T logP(~f%)
55.00 328.00 121.65 0.0030 2.09
50.00 323.00 92.95 0.0031 1.97
40.00 313.00 55.14 0.0032 1.74
30.00 303.00 31.53 0.0033 1.50 ?\‘ 4-1
2.20
2.00
1.80
-
a 1.60
[@)]
I y=-2322.2x+9.1616\@
= 0.9999
120
1.00
0.00300 0.00305 0.00310 0.00315 0.00320 0.00325 0.00330 0.00335
1T

[l 4-2
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(Z DI FE

t(C) T(k) P("¢fif)mmHg 1T logP("4if)
55.00 328.00 202.27 0.0030 231
50.00 323.00 172.71 0.0031 2.24
40.00 313.00 123.15 0.0032 2.09
30.00 303.00 84.32 0.0033 1.93 )
235
230 |
225 |
o~ 220
50245 |
T 210 |
()]
2 205
500 y =-1510.4x + 6.9126 \
195 R® = 0.9998 ~
1.90 ‘
0.00300 0.00305 0.00310 0.00315 0.00320 0.00325 0.00330 0.00335
1T
[ 4-3
(ZOT Tt
t(C) T(k)  [P(|fiif)mmHg 1T logP(F" i)
55.00 328.00 844.27 0.0030 2.93
50.00 323.00 672.71 0.0031 2.83
40.00 313.00 463.15 0.0032 2.67
30.00 303.00 337.42 0.0033 2.53
% 4-3
3.00
2.90 O\
2.80
% \
= 2.70
o \
[@)]
[e]
= 2.60
=-1569.9x +7.6979 \o
2.50 Y 5
R°=0.9923
2.40 ‘ ‘
0.00300 0.00305 0.00310 0.00315 0.00320 0.00325 0.00330 0.00335
UT

[l 4-4
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(Zr)fh clausius — clapeyron equation 73 FfjJ 3 (135 (= BV (Y1 4-4) o

BB L i [
<l (= £ (cal/mole) 9626.5 9737
6 VYT [ £ (cal/mole) 8911.7 9222

T 935 1= £ (cal/mole) 7183.0 714388
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pu Qﬁ%‘zw I3 P

FEFEH 1 COy EE=234 C

( PHSBRUHAETEES V ST B P) (k] i 08

Hi R N - =

FIE(C) 234 234 234 234 234 234
iﬂ?ﬁ‘lﬁ%‘ﬁﬁ(mm 101.00 101.00 101.00 101.00 101.00 101.00
7&3%;’3&?%%(@) 55.40 55.40 55.40 55.40 55.40 55.40
Vi(\]/) 0.035 0.031 0.019 0.013 0.009 0.002
Pi(mmHg) 826.81 818.85 | 79499 | 783.06 | 775.10 | 761.18
Va(V) 0.030 0.016 0.011 0.008 0.000 -0.002
Pn(mmHg) 816.87 | 788.63 | 779.57 | 772922 | 157.21 753.65
Vi(V) 0.031 0.019 0.013 0.009 0.002 -0.001
Pi(mmHg) 818.85 79499 | 783.06 | 775.10 | 761.18 | 755.23
* 5-1

BrRVRE = P

FIE(C) 23.3 23.3 23.3 23.3 23.3 23.3
?ﬂ?%?%*ﬁ(mm 101.00 101.00 101.00 101.00 101.00 101.00
"J‘ﬁ*ﬁﬁi‘ﬁ%‘ﬁﬁ(mL) 5450 55.40 55.40 50.50 50.50 50.50
Vi(\I/) 0.005 -0.001 -0.003 0.025 0.017 0.011
Pi(mmHg) 7607.15 755.23 751.25 806.92 | 791.01 779.08
Vi(V) 0.000 -0.004 -0.007 0.015 0.010 0.03
Pn(mmHg) 757.21 749.27 | 741.31 787.03 | 77629 | 764.03
Vi(V) 0.001 -0.003 -0.007 0.017 0.011 0.005
Pi(mmHg) 759.20 | 751.25 | 743.30 | 791.01 779.08 | 767.15

% 5-2
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SEFERE O =032 C (R AR
:‘éﬁ’%ﬁ'é? - -
FIH(C) 24.0 24.0 24.0 24.0 24.0 23.9
A (mL) 137.6 | 1376 | 1376 | 1376 | 1376 | 1376
TR (mL) | 18.8 18.8 18.8 18.8 18.8 18.8
Vi(V) 0.046 | 0037 | 0030 | 0027 | 0004 | 0.019
Pi(mmHg) 848.68 | 830.78 | 816.86 | 81090 | 76516 | 794.99
Vi(V) 0036 | 0030 | 0019 | 0021 | 0003 | 0.004
Po(mmHg) 828.79 | 816.68 | 79474 | 798.84 | 751.09 | 764.88
Vi(V) 0.037 | 0030 | 0019 | 0021 | -0.003 | 0.004
Pi(mmHg) 833.57 | 816.86 | 79499 | 79897 | 75125 | 765.16
%53
R VR = pH
53E(C) 23.9 239 239 2.8 22.8 22.8
REEA(mL) 1054 | 1054 | 1054 | 1266 | 1266 | 1266
AVAEEA L) | 510 51.0 51.0 29.8 29.8 29.8
Vi(V) 0.021 | 0014 | 0001 | 0045 | 0044 | 0.053
Pi(mmHg) 798.97 | 78445 | 75920 | 846.69 | 84470 | 862.60
Vi(V) 0013 | 0001 | -0006 | 0039 | 0032 | 0044
Po(mmHg) 783.06 | 75822 | 74479 | 83451 | 82040 | 84437
Vi(V) 0.014 | 0001 | 0006 | 0039 | 0032 | 0044
Pi(mmHg) 785.05 | 75920 | 74529 | 83476 | 820.84 | 844.70
# 54
RV = +
FIE(C) 220 220 220 220 22.0 22.0
S (mL) 107.0 107.0 107.0 107.0 | 107.0 107.0
VB (L) | 494 49.4 49.4 494 | 494 49.4
VimV) 32.0 214 16.1 24.6 17.2 5.9
Pi(mmHg) 820.84 | 799.76 | 789.22 | 806.12 | 79141 | 768.94
VamV) 20.9 159 8.0 17.0 5.5 9.5
Po(mmHg) 79897 | 788.82 | 773.12 | 791.01 | 768.14 | 73833
VimV) 214 16.1 8.1 17.2 5.9 -89
Pi(mmHg) 799.76 | 789.22 | 774.90 | 791.41 | 768.94 | 739.51

#* 5-5
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J\Jﬁ']i’iiﬂ?ﬂ*ﬁ[ﬁ\ [ﬁj;ﬁ‘ﬁg k l,fﬁl o Pm=Ps-Pn A P=P+-Pi
CO, .V k fifi
RV ~ = = P
) PR CO;
¥ PREAR V. (mL) 101.00 101.00 101.00 101.00
IR Ve (mL) 55.40 55.40 55.40 50.50
SECC) 234 234 233 233
P;1 (mmHg) 826.81 783.06 767.15 806.92
P, (mmHg) 816.87 772.922 757.21 787.03
Pri (mmHg) 818.85 775.10 755.23 791.01
/A\P1 (mmHg) 7.96 7.96 7.96 1591
Pm1 (mmHg) 1.98 2.178 1.99 3.98
A mi(mM)) 0.1954 0.2140 0.1964 0.4310
ki(mM/ mmHg) 2.45x10° 2.69x10° | 2.46x10” 2.70x10>
Pi2(mmHg) 818.85 775.10 755.23 791.01
Pr2(mmHg) 788.63 757.21 750.26 776.29
Pr2 (mmHg) 794.99 761.18 751.25 779.08
/P2 (mmHg) 23.86 13.92 3.98 11.93
Pm2 (mmHg) 6.36 3.97 0.99 2.786
A m2(mM)) 0.6277 0.3918 0.0977 0.2961
ka(mM/ mmHg) 2.65x10° | 2.81x10” | 245x10° | 2.52x10°
Pis(mmHg) 794.99 761.18 751.25 779.08
Pu3(mmHg) 779.57 753.65 741.31 764.03
Pr3(mmHg) 783.06 755.23 743.30 767.15
AP3(mmHg) 11.93 5.95 7.95 11.93
Pm3(mmHg) 3.49 1.58 1.99 3.12
A m3(mM) 0.3441 0.1556 0.1964 0.3448
ks (mM/ mmHg) 2.88x107 | 2.62x107 | 247x10° | 2.89x10°
AERE 2.32x10° | 2.32x10° | 4.52x10° | 3.85x10°
RAFIRH 8 0.9999 0.9995 0.999 0.9996
k i 2.66x107 | 2.71x107 | 2.46x107 | 2.70x10°

% 5-6
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Oy .V k i

R VR - = = P B 4

PR O

¥ REAT Ve (L) | 1376 137.6 105.4 126.6 107.0 107.0
TR V(L) | 188 18.8 510 29.8 49.4 49 4
SE(C) 24.0 24.0 239 2.8 22.0 22.0
P;1 (mmHg) 848.68 | 810.90 79897 | 846.69 | 820.84 806.12
P, (mmHg) 83341 | 798.84 78445 | 834.51 | 79897 791.01
Pr1 (mmHg) 833.57 | 79897 78505 | 834.76 | 799.76 791.41
/\P1 (mmHg) 15.11 11.93 13.92 11.93 21.08 14.71
Pm1 (mmHg) 0.16 0.13 0.60 0.25 0.79 0.40
Ami(mM) 0.0630 | 00524 0.0666 | 0.0573 | 0.0930 0.0471
kimM/mmHg) | 4.17x10° | 439x10° | 4.77x10° | 4.80x10% | 44x10° | 3.2x10°
Pi2(mmHg) 830.78 | 765.16 785.05 | 844.70 | 799.76 791.41
Pr2(mmHg) 816.68 | 751.09 75822 | 82040 | 788.82 768.14
Pr (mmHg) 816.86 | 751.25 75920 | 820.84 | 789.22 768.94
/AP> (mmHg) 13.92 13.91 25.85 23.86 10.54 2247
Pm2 (mmHg) 0.18 0.16 0.98 0.44 0.40 0.80
A m2(mM) 0.0715 | 0.025 0.1111 | 0.1019 | 0.0471 0.0942
kemM/ mmHg) [ 5.14x10° | 4.68x10° | 4.25x10° |4.32x10° | 44x10° | 4.1x10°
Pis(mmHg) 816.86 | 794.99 75020 | 862.60 | 789.22 768.94
Pu3(mmHg) 79474 | 764.88 74479 | 84437 | 77437 738.33
Pr3(mmHg) 79499 | 765.16 74529 | 844.70 | 774.90 739.51
/\P3(mmHg) 21.87 29.83 1391 17.90 14.32 29.43
Pm3(mmHg) 0.25 0.28 0.50 0.33 0.53 1.18
A m3(mM) 0.0983 | 0.1124 0.0555 | 0.0760 | 0.0629 0.1390
ks(mM/ mmHg) | 4.49x10° | 3.76x10° | 3.98x10° [4.23x10° | 4.38x10° | 4.6x10°
AR 2.32x10° | 2.32x10° | 4.52x10° | 3.85x10° | 4.52x10° | 3.85x10°
RoAF IR (58 0.9999 | 0.9995 0.999 0.9996 0.999 0.9996
kil 4.60x10° | 4.28x10° | 4.33x10° | 4.45x10° | 4.39x10° | 3.97x10°

* 5-7
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1.CO, = 0, V1 5 k (it £ 0 COy 1 2.63x10°mM » O, ¢ 4.34x10° mM
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FE(Va- Vi) 1 BT L APy, @ 87
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S HE AT

SR e
W R Ve - = = [
JFF =P (L) 50.0 50.0 50.0 50.0
SR (L) 106.4 106.4 106.4 106.4
18] 1124 127 1128 131
W (°0) 215 19.9 200 19.5
V1mv) 4.0 4.6 39.6 38.2
;{'_ Pl(mmHg) | 840.73 841.92 835.96 833.17
W | v2mv) 40.0 40.4 373 36.5
P2mmHg) | 836.75 837.55 831.38 829.79
V3(mv) 41.1 47.10 37.8 41.1
| P3mmHp) | 838.94 850.87 832.38 838.94
B | vamv) 39.3 46.1 36.2 39.7
P4mmHg) | 835.36 848.88 829.19 836.15
i) (D) 0.0870 0.0533 0.0309 0.0065
4. 6-1
SR
L - = = p
P | 500 50.0 50.0 50.0
S L) | 1064 106.4 106.4 106.4
[ 125 127 1/30 131
I (°0) 200 19.5 208 19.5
Vimv) | 42.1 30.8 373 40.8
= | Pl(mmHg) | 840.93 818.46 831.38 838.34
W vamy) | 39.8 29.6 36.2 39.2
P2(mmHg) | 836.35 816.07 829.19 835.16
Vimv) | 480 311 39.0 38.8
+ | P3(mmHg) | 852.66 819.05 834.76 834.28
W | vamv) | 460 30.1 38.0 372
P4(mmHg) | 848.68 817.06 83277 831.18
1Bl (M) 0.0145 0.0092 0.0047 0.0015
4. 6-2
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OB Y

e - = = pH

AL | 500 50.0 50.0 50.0

SRR | 1064 106.4 106.4 106.4

1 1125 1127 128 131

E%(°0) 215 199 215 19.5

< vigmy) | 445 50.9 K 3.0

5 | PlinmHg) | 845.70 858.43 851.07 820,84
Vamv) | 422 493 46.5 308
P2(mmHg) | 841.13 855.25 849.68 318.46

4 | vamv) | 510 45.2 102 434

7 | P3mmHg) | 858.63 847.09 77149 843.51
Vamy) | 500 44,5 9.9 122
P4(mmHg) | 856.64 845.70 776.89 841.13

wEH@D 056 0.0384 0.0202 0.0015

%63

B M

PrEe M - = = Py

iF A (nL) 50.0 50.0 50.0 50.0

SR (mL) 106.4 106.4 106.4 106.4

1 1126 1127 1130 131

%0 210 19.8 210 180

=yl 120 431 304 36.9

5 | PlanmHg) 78108 842.92 817.67 830.59
V2 107 418 29.4 35.7
P2(mmHg) 778.49 840,33 815.68 828.20

|3 103 33.0 40.5 39.30

5 | P3mmig) 77769 822.83 837.75 835.36
V4 9.9 324 3.8 38.1
P4(mmHg) 776.89 821.64 836,35 832,97

] (mM) 0.0424 0.0302 00123 0.0003

% 64
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AR S PR A i F ARS8 B o T TR 46 5050 gt~ e | Dt (i et
ma;nfgfrﬁm i S 5 5 7
B B
0.1
i 0.08
& 006
o 0.04 mﬁ
i/[ 0.02 M &l
0 1E]24F0 1E[27F) 15]28F!1 1%]31F! ’ PF[25ED 1TF127F0 1FI30FT 15I31F!
P19 FI3
AR AR B B AL WFL§£
. 005
o oo 1 T 004 B S 1 TR
B 0.04 5 ‘
: B0.03
~ 003 —~
m o0 n 0.02
2 oo Yoo
LE[25F0  1E]27F1  1E[28F1  1F]31F! LE[26FT  TF27F!  1%I30F"  1F]31F!
F1ib] P17
[F16-2~5
N -<B.0.D. i
) Fl b N AT
i A AR (L) 50.0 50.0 50.0 50.0
R (mL) 106.4 106.4 106.4 106.4
57 RO 19.8 19.5 19.9 19.7
= | = | P1(mmHg) 841.92 840.93 858.43 842.92
5 | P2(mmHg) 837.5 836.35 855.25 840.33
m (mM) 0.0967 0.1015 0.0688 0.0571
# | P3(mmHg) 850.87 819.05 847.09 322.83
) | PA(mmHg) 848.88 817.06 845.70 821.64
Am(mM) 0.0434 0.0587 0.0304 0.0268
mo(mM) 0.0533 0.0428 0.0384 0.0303
5 R0 19.5 19.5 19.5 19.5
= | = | Pl(mmHg) 833.17 838.34 820.84 830.59
5 | P2(mmHg) 829.79 835.16 318.46 828.20
m(mM) 0.0755 0.0705 0.0539 0.0535

27




Zt P3(mmHg) 838.94 834.28 843.51 835.36

% P4(mmHg) 836.15 831.18 841.13 832.97

/\m(mM) 0.0690 0.0691 0.0524 0.0532

mo(mM) 0.0065 0.0014 0.0015 0.0003

B.0.D. (mM) 0.0468 0.0414 0.0369 0.0300
% 6-5

e e O PN
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1. Motives

The senior high school chemistry textbooks cover a number of contents discussing air pressure
and its related theory and law, which arouses our interest in undertaking study and actual proof,
only to find out that we cannot use an easy, accessible equipment to undertake the experiment
regarding vapor pressure. Therefore, we develop the following research, hoping to design an easy
method and instrument to deeply explore the contents about vapor pressure in the textbook.

Due to the flourishing development of electronic technology in recent years, the electronic circuit
is widely applied to every field. In view of this and our interest in discussing the electronic circuit
further, we hope that we can understand its principle and applicability, and at the same time search
for a proper and feasible method of a non-commercial simple IC PCB that can measure vapor
pressure accurately. And further it is properly applied to our experiment.

Apart from the curricular theories, our daily life is closely related to air. There are still many
directions worth exploring. Therefore, we hope to combine its applicability with life and expand its

applicable range to increase our knowledge and understanding of ambient surroundings.

2. Purpose

a.To assemble a simple gauge that can inspect and measure vapor pressure and fabricate its
calibration curve.

b.To examine and prove Raoul’s Law, and discuss the connection of vapor pressure from mixture
liquid of different ratios.

c.To gain the value of vapor heat( AH ) by using the liquid pure substance whose vapor pressure
is acquired under different temperatures.

d.To examine and prove Henry’s Law, and discuss the connection between the solubility of
different vapors and their partial pressure.

e.Devise a simple method coupled with the non-commercial gauges to measure the B.O.D. values
of water from the Kaohsiung Love River.

f.To examine the theory in the textbook by using non-commercial gauges, and further expand its

applicability to the measurement of other vapor pressure laws.

This research is aimed to make an in-depth exploration into Raoul’s Law and Henry’s Law by
using an accurate but simple vapor pressure gauge. The gauge is constructed from non-complicated

electronic components- electronic IC PCB, film resistor, digital multi-meter, and battery.

In the first step, we measured the vapor pressure of six kinds of liquids and 3 liquid
mixtures-water, ethanol, chloroform, acetone, benzene, toluene, mixture of water and ethanol,
mixture of chloroform and acetone, mixture benzene and toluene. From the results of this
experiments, the vapor pressures of water and ethanol liquid mixture, and chloroform and acetone

liquid mixture were slightly lower than their theoretic values-called negative deviation solution,



while the vapor pressure of the benzene and toluene liquid mixture was quite close to its theoretic

value-near an ideal solution.

In the second step, the individual vapor pressures of water, ethanol, and chloroform were
measured at various temperatures; the vapor heat(AH) were calculated by using the

lausius-Clapeyron equation.

In the final step, we used the gauge and other non-commercial instruments to measure the B.O.D.

values of water from the Kaohsiung Love River, found the P-T correlation using Gay-Lussac’s Law,

and calculated the absolute zero temperature value by extrapolation.

(1)Materials
AB Adhesives | Thermoplastics Tin Welding Gun Adhesive Tape
) Syringe
Triple Valves Straws Hose T Tube
(25~ 60mL)
(2)Equipment
' ' _ Crocodile Clip Battery
Film Resistor IC PCB Multi-meter
(12V)
) ) Thermostatic | Ultrasonic Oscillator(Remove vapor in
Air Pump DC Supplies
Bath the water)
(3)Equipment
Erlenmeyer ) ) ) Oxygen
Plastic Bottle Acrylic Cup CO2 Cylinder ]
Flask Cylinder
Nitrogen .
' Beaker Thermometer Electronic Balance ( AND HF-400 )
Cylinder
Plastic Dropper Plastic Pipe |Double Wall Mug
(4)Medicines
Absolute
Distilled Water Toluene Benzene Chloroform
Alcohol
Soapy Water(Used for checking if
Acetone o
there is air leakage)




Procedures and Methods
Experiment Flow :

Due to the discussions of many vapor pressure laws in
the textbooks, our motives for exploring vapor pressure

measurement iIs aroused.

Due to the wide applicability of electronic circuit, we
search for a suitable method and apply it properly to
our experiment after understanding its principle and

applicability.

Experiment 1: Use an accurate but simple vapor pressure
gauge. The gauge is constructed from non-complicated
electronic components- electronic IC PCB, film resistor,
digital multi-meter, and battery.

'

Experiment 2: Devise an instrument that can control vapor
pressure differential at both ends of film resistor, and
find out the relation between pressure differential and
its counterpart of potential differential
fabricate a calibration curve of this instrument for the
application of follow-up experiment.

in order to

!

Experiment 3:

Discuss the relations
among vapor pressures
of different ratio’s
mixed liquid to examine
the Raoul’s Law.

Experiment 5:
Discuss the
Relation between
The solubility and
partial pressure of
different vapors to
examine Henry’s Law

!

!

The non-commercial
instruments are used to
examine the theory in
the textbook.

Its applicability is
Expanded to the
measurement of other
vapor pressures.

Experiment 4:

Use the vapor pressure
under different
temperatures to gain
the value of vapor

heat(AH).

Experiment 6:
Devise a simple
Method coupled with
non-commercial
gauge to measure the
B.0.D. values of
water from the
Kaohsiung River.

Experiment 7:

Discuss Gay-Lussac’s
Law (P~T Relation), and
calculate the absolute
zero temperature value
by extrapolation.

The discussion and conclusion are summarized based on the results integrated
above, and the effect of this vapor pressure gauge is discussed.




[ Experiment 1] Assemble an accurate, simple vapor pressure
gauge.

film resistor

power supply

I (about 12V)

= digital multi-meter

-

+— PC board
®

1. Experiment Device:

Use simple, inexpensive parts and electronic
components to assemble an instrument that can measure
vapor pressure.

oooooo

Co0o0docoo0o00oooo
0Oo000oOoCoo0000og
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a
a
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(+]
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2. Gauge Device: cocooooonaaa o

(1) The film resistor is attached to electronic IC PCB. £ —
The vapor pressure differential measured at both
ends is expressed in the voltage change of film  Fig.1 Pressure gauge is positioned on a PC board
resistor.

(2) The both sides of film resistors are respectively connected with different pressure systems:
one is connected with atmosphere; the other connected with the pressure system expected to
be measured.

(3) The electronic PCB is connected with battery and multi-meter. The calibration curve is
fabricated for vapor pressure and voltage, reading voltage so that the vapor pressure
expected to be measured can be known.

(4) Different measurement instruments are devised based on the different requirements of
pressure surroundings expected to be measured.

a. As shown in Table 1-1, an accurate but simple vapor
pressuregauge is assembled by using electronic
components- electronic IC PCB, film resistor, digital
multi-meter, and battery.

b. Experiment II: make an experiment device to alter
the voltage differential at the both ends of film resistor.
Find out the relation between pressure differential and
its counterpart of potential differential. The calibration
curve of this gauge is fabricated for the application of
follow-up experiment.

c. Experiment III: make an experiment device to discuss
the relation between vapor pressure and mixed liquid to
examine Raoul’ts Law.

d. Experiment I'V: make an experiment device to
extrapolate the vapor heat( AH ) of liquid pure
substance.

e. Experiment V: make an experiment device and discuss
the relation between the solubility and partial pressure
of different vapors to examine Henry’s Law




Fig.1-4
8 Fig.1-5

f. Experiment VI: devise a simple method coupled with non-commercial

gauge to measure the B.O.D values of water from Kaohsiung River.




[ Experiment 2] The Fabricated Gauge’s Vapor Pressure
Differential and the Voltage’s Calibration Curve

1. Device: Connect to an air pump, control the pressure
differential on both ends of film resistor,
record the changes of voltage value to be the
calibration curve of this gauge.

Manipulation | Pressure differential on both ends of film resistor
Variable
Controlling | Total resistance of circuit, battery’s voltage, conical flask’s capacity
Variable

2. Steps:

(1) The film resistor is connected to the conical
flask, then the lateral tube is connected to
air pump. The air pump is connected to the
other end of conical flask. Control the
pressure surrounding of conical flask,
which is controlled by a switch. The gauge
and the conical flask form a closed
surrounding.

(2) Use the air pump to pump up the pressure in
the conical flask to be a minimum value
(The readings on the barometer for the is
comparative to the atmosphere pressure-710mmHg).Then read the
voltage value. Use the switch to control the vapor pressure until it
gradually rises to an atmosphere pressure. In the process, control
the pressure interval at S0mmHg and read the voltage values for
different pressures. Make observations and note down both relations.

(3) Repeat the above procedure and record the relation between different
pressure differentials and voltage. Every experiment is done three times.
Then take the average value to make the calibration curve for the
vapor pressure gauge.

Fig.2-1

[ Experiment 3] Make Use of the Gauge to Discuss Raoul’s Law and

Relation of Positive and Negative Deviation for
Solution Vapor Pressure

1. Device: We decide to use the gauge coupled with pressure quantity sensor to measure pure
solvent, pure solute and vapor pressure of two components’ mixed solution, and make
observations to find their relation.

Manipulation | Type of solution and ratio of mixture.
Variable

Controlling | Vapor chamber’s volume, temperature, total resistance of circuit, battery’s

Variable voltage




2. Steps:

(1) Use a syringe to take out the volume of
mixed solution expected to be measured.

(2) Put the syringe containing liquid to be
measured on the left side, and put one
empty syringe on the right side to be
respectively connected to both sides of T
tube. |

(3) The top of T tube is connected to the vapor '
pressure gauge. — I &l I

(4) Push the liquid in the left syringe into T
tube slowly. At the same time, use the right syringe to pump the liquid in
the T tube until nothing remains in it.

(5) Observe the vapor pressure change in the T tube before and after dropping the liquid. The
vapor pressure change measured is the liquid saturated vapor pressure value under this
temperature.

(6) Measure the voltage in this experiment gauge. The obtained voltage value can get the vapor
pressure value according to the calibration curve in experiment II.

(7) There will be a change in the solution’s temperature after mixture. Therefore, we will wait
for some time until the pressure becomes balanced and stable, then measure the vapor
pressure(Use one control group. After mixing in the atmosphere at the same ratio, measure
with a thermometer to be the room temperature.

Fig.3-1

[ Experiment 4] Make Use of Non-Commercial Gauge to Extrapolate
the Vapor heat(an) of liquid pure substance

1.Device: Make use of this gauge coupled with pressure gauge to measure the vapor pressure of
liquid pure substance under different temperatures. And make use of clausius-clapeyron
equation to extrapolate vapor heat( AH )

Manipulation | Pure substance liquid’s temperature, pure substance liquid’s type
Variable

Controlling | Pure substance liquid’s volume, total resistance of circuit, battery’s voltage,

Variable plastic bottle’s capacity

2.Steps:
(1) Heat up the liquid in the beaker to an initial temperature 30°C . Pour it into plastic bottle,
and open the triple valves to make inside and outside pressure consistent.



(2)Seal with a cork and connect to vapor pressure
gauge, and close triple valves.

(3) Put plastic bottle in thermostatic bath. Change
the temperature in thermostatic bath until
balanced. Measure the vapor pressure with
pressure gauge, and read the readings on the
thermometer.

(4)Repeat step 1,2,3, and measure the vapor
pressure values under different temperatures. ,

(5) Undertake the above steps with water, alcohol B
and acetone. Record the relation between
pressure and temperature.

(6) Every pure substance liquid is experimented

three times, then take the average value. Fig.4-1

[Experiment 5] Exploration of Henry’s Law and the Correlation
between partial pressure and dissolution degree of
different gases

1.Design: To utilize this pressure measuring instrument to design experiment device, in order to
probe into the correlation between dissolution degree and partial pressure of different gases to

verify Henry’s Law.

Independent Variables |Partial pressure of gas to be measured and types of gases

Controlling Variables [The acrylic cup volume, temperature, dissolvent quantity, gas chamber

volume, recruit total resistance, and battery voltage

2.Research Procedure:
(1)Ideas and mathematics formula proving:
a. Ideas:
To associate with the Henry’s Law, m = kp (m: gas
dissolution degree under water, p: gas pressure, k:

constants) stating on high school books from the

phenomenon of gas escaping while opening the

soda cap, and infer that Am = kAp from this
formula; as a result, the constant k of Henry’s Law Fig.5-1

could be acquired from Am, Ap.



b. Mathematics formula proving:

P; : Initial Pressure (saturation) Pr: End Pressure (new balance status) V,: Gas Volume V.:
Water Solution Volume Am: Dissolution Degree Variation Ap: Gas Pressure Difference of
Super-Saturation Status and New Balance Status

Am = An/ V.= k(P; - Py)

And further utilize the ideal gas formula PV = nRT to obtain

An=AP - V,/R T, from which k could be calculated

c. Experiment Procedure and Skills

First of all, to produce a saturation to read the pressure P;under this balance status and then
leak gas to produce super-saturation status. Because of gas leaks too soon in the first
experiment which resulted in gas under water escaping swiftly, so the dissolution degree
variation Am; can’t be ascertained. After improvement, extremely slow gas relief method is
adopted to avoid gas escaping in a great quantity and successfully produce super-saturation Py;.
And to shake to make gas escape to reach a new balance status Py, and keep doing so, and then
slowly leak to acquire Py, shake to acquire Pg... a k could be obtained in each stage, and
average k value could be calculated through graphing by m, P.

In this way, not only the formula can be made one but to read P; as above stated and Py; of
every stage, k of every stage could be acquired through P and gain the most exact value of k.
The above is the method of pressure declination to acquire k. If want to acquire k through
pressure rise; in the same way, we only have shake the non-saturated pressure Py; to obtain the
balance pressure Py after shaking, and Am could be gained through utilizing the value of | P, -
Pe|.

3. Steps:

(1)Connect the bottle to pressure measuring instrument, and infuse water into bottle.

(2)Add the gas to be measured through the method of collection process with displacement of
water to read V; reading of multimeter.

(3)Extract air by syringe to make pressure within bottle decreases slowly and read V, reading
at this moment.

(4)Shake the bottle body to make the super-saturated gas escape and read V¢ after balancing.

(5)Record different Am under repeating different AP. (perform experiments three times and
calculate the average value)
Convert into AP from (V¢—V;)- ©
Convert into APm from (V¢_V,), and substitute into APmV = AnRT to acquire Am -@
Substitute into Am =k - AP by @ ~ @ to obtain k

10



[Experiment 6] Utilize Pressure Measuring Instrument to Measure
B.O.D. Value of Kaohsiung River Water Quality
1. Experiment Design: Design simple method with self-made instrument to determine the B.O.D.
value (Biochemical Oxygen Demand) of Love Kauhsiung River water quality in upstream,

middle-course, downstream and outlet.

Independent Different river water of river section (upstream, middle-course,

Variables downstream and outlet)

Temperature, oxygen partial pressure, river water quantity to be

Controlling measured, gas chamber volume, circuit total resistance, battery voltage,
Variables and bottle volume
2. Steps:

(1)Take water from each river section and use
ultrasonic oven to make gas dissolved within
totally escape.

(2)Pour O, into bottle by method of collection
process with displacement of water, and then

continuously infuse O; after water totally
drained out.

(3)And then use the syringe rapidly infuses into
river water to be measured, and read the

reading P; (V) of air pressure measuring
instrument at this moment.

(4)Wait till the dissolution balanced, read P,(V;) at this moment, and convert APm from
(V2-V)), and then substitute into APmV = AnRT to obtain the maximum value my of
soluble O, in river water.

(5)And then take river water (non-shaking) to repeat step 2, 3, readings P3, P4, to convert
APm from (V4_V3) and substitute into APmV = AnRT to obtain the additional soluble O,
quantity Am of original river water.

(6) Let my — Am = m, that is the soluble O, quantity of river water. my: The greatest dissolved
oxygen quantity of river water. PS.: Soluble O, quantity could be conjectured from the

degree of Am, but my of different river sections might be various.

- |

middle-course

11



In Experiment 2, the correlation between pressure and voltage in the manufactured calibration
curve, the R” value between the two is found to be up to 0.9997, the linear relationship of the
whole graph is y = 1.9886x — 2.7875, the inaccuracy value of measurement is 0.12% in average,
the maximum inaccuracy value is 2%, the minimum one is 0.17% (the above mentioned doesn’t
include 50mmHg). This means that the instruments we used exhibit a linear correlation on
measuring the variation of air vapor pressure, and has very high positive correlation, so it’s
suitable to measure the pressure changes within the containers.

Data and Relationship Diagram:

Pressure difference (mmHg) 760.00 710.00 660.00 610.00 560.00
Pressure in (mmHg) 0.00 50.00 100.00 150.00 200.00
Voltage (0.001V) 0.00 28.40 51.60 75.23 103.54
Pressure differenc(mmHg) 510.00 460.00 410.00 360.00 310.00
(mmHg) 250.00 300.00 350.00 400.00 500.00
Voltage (0.001V) 125.43 153.30 178.40 203.52 251.20
80
Z 60 f
o [ R? = 0.9999
2 40
> =
@
> 20
‘_45 - ® air
S -
0 200 400 600
Vapor pressure (mmHg)
Fig.1-1
40
—
> ® Nitrogen
€30 r ® Oxygen
- L ..
@® Carbon dioxide
220
() L
>
o 10 | %
(@) L s
‘I(E 1 1 1 1 1
S 0
>
0 100 200 300
Vapor pressure (mmHg)
Fig.1-2
air 02 N2 CO2
slope 0.120 0.118 0.120 0.117
Deviation from —_ 133%  025%  217% Table.1-1
air curve ) ) )
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(1)Use an air pump to control the pressure changes for the whole system with our gauge. Use

voltage to measure the pressure value of system. It is found that the R* between the two reaches
0.9997. The linear relation is y=1.9886x-2.7875.The average differential value is 0.12%.The
maximum differential value is 2%, and the minimum is 0.17%(the above does not include
50mmHg).This shows that the gauge we use for measuring the air pressure change presents a
good linear relation. There is a highly positive correlation, so it is very suitable for measuring
the pressure change in the container.

(2)The use of this gauge can easily and quickly measure the pressure value. The use of high linear
relation can accurately and correctly measure the experiment data for the benefit of data
management and promotion to the related experiments of other vapors.

. In Experiment 3, because water and alcohol both possess intermolecular hydrogen bonding and
both of they are polar molecules, so the mutual solubility is quite good. However, the
combination between molecules is higher than the original molecules’, so the negative deviation
would be formed after mixing. When the difference of mole fraction is greater (close to dilute
solution), the deviation is much more unobvious. The experiment result of acetone and
chloroform is the same with that of water and alcohol in general. In the experiment of benzene
and toluene, due to the distance of gravity between the two is not great, the experiment
obviously shows that the result of the mixing of the two still shows little portion of negative
deviation. But it’s much smaller compared to the deviation condition of water and alcohol, and
acetone and chloroform, so it could still reason to the ideal solution condition effectively.

Data and Analysis

(1) Water and Ethanol (T=26.3C)

ideal vapor ideal vapor | ideal vapor
water ethanol vapor pressure of

s — voltage the mixture pressure of the | pressure of | pressure of

o) o) (0.01V) o) mixture ethanol water
(mmHg) (mmHg) (mmHg)
1.00 0.00 12.77 22.61 22.61 0.00 22.61
0.90 0.10 13.12 23.31 25.74 5.35 20.39
0.80 0.20 13.94 24.94 28.78 10.69 18.09
0.70 0.30 14.99 27.03 31.87 16.04 15.83
0.60 0.40 16.13 29.29 34.95 21.38 13.57
0.50 0.50 17.18 31.73 38.04 26.73 11.31
0.40 0.60 19.43 35.86 41.11 32.07 9.04
0.30 0.70 21.68 40.33 44.20 37.42 6.78
0.20 0.80 24.15 45.23 47.28 42.76 4.52
0.10 0.90 26.27 49.46 50.37 48.11 2.26
0.00 1.00 28.28 53.45 53.45 53.45 0.00
Table2-1
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Vapor pressure (mmHg).

60
S —e— the mixure
— the mixture (ideal)
40 ethanol (ideal

Wwa U

Fig.2-1

20
0 1 1 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Ethanol mole fraction
(2) Acetone and Chloroform (T=25.9C)

acetone | chloroform vapor pressure of deal vapor | ideal vapor | ideal vapor
s il voltage the mixture pressure of | pressure of | pressure of

isiion) R o) (0.01V) sl the mixture | ethanol water

(mmHg) | (mmHg) | (mmHg)

1.00 0.00 121.96 239.74 239.74 239.74 0.00
0.90 0.10 115.86 227.62 237.00 215.77 21.23
0.80 0.20 112.68 221.29 234.26 191.79 42.47
0.70 0.30 107.74 211.46 231.52 167.82 63.70
0.60 0.40 105.59 207.19 228.78 143.84 84.94
0.50 0.50 102.64 201.33 226.04 119.87 106.17
0.40 0.60 103.69 203.42 223.30 95.90 127.40
0.30 0.70 105.91 207.82 220.56 71.92 148.64
0.20 0.80 107.11 210.21 217.82 47.95 169.87
0.10 0.90 106.58 209.15 215.08 23.97 191.11
0.00 1.00 108.18 212.34 212.34 0.00 212.34

Table2-2
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300

> —e— the mixture —— the mixture (ideal) Fig.2-2
T R acetone (ideal) chloroform (ideal)
E [
E200 | y —
e A
>
A
L£100 F
o
- R
o
% 1 1 1 1 1 1 1 1 1
S 0
0.0 0.2 0.4 0.6 0.8 1.0

“Chloroform mole fraction

(1) From the experiment data, it can be inferred that water and alcohol have intermolecular
hydrogen bonding, and that both are polarity molecules and have good dissolvability.
The molecules are not likely to separate and reduce the original vapor pressure.
However, the intermolecular binding is stronger than the original molecules. So, the
negative deviation occurs after mixture.

(2) From the graph, it can be found that when two molecules’ mole fraction are closer, the
deviation is even clearer. And when the mole fraction difference is greater (close to thin
solution), the deviation is not clear. The experiment result of Chloroform and acetone is
much similar to that of water and alcohol.

(3) In the experiment of benzene and toluene, the attraction between the two cannot be
ignored because there is not too much gap between both attractions. There is still
deviation.The experiment shows that there is a partial negative deviation after the two
are mixed. But compared to water, alcohol, chloroform and acetone, the deviation is
smaller. So it can be extrapolated to be an ideal solution.

(4) According to the above experiment result, from the gauge’s method and principle, the
experiment data and related examples that have negative deviation experiment data can
be inferred. So the gauge has considerable accuracy, and can be applied to experiment
with negative deviation result.

3. In Experiment 4, the vaporization heat of water, ethanol, and acetone respectively from
clausius-clapeyron equation are calculated by using the experimental value of temperature
and vapor pressure and state as the following: water 9626.52 (cal/mole), ethanol 8911.7
(cal/mole) and acetone 7183 (cal/mole). The experimental and theoretical value of this
experiment doesn’t have great difference, the inaccuracy value is under 1% in average. II.

Data and Analysis

(1) Water
t(C) T(k) |P(water)mmHg /T logP(water)
55.00 328.00 121.65 0.0030 2.09
50.00 323.00 92.95 0.0031 1.97
40.00 313.00 55.14 0.0032 1.74
30.00 303.00 31.53 0.0033 1.50 Table3-1
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(2)Ethanol

t(C) T(k) |P(ethanol)mmHg /T logP(ethanol)
55.00 328.00 202.27 0.0030 2.31
50.00 323.00 172.71 0.0031 2.24
40.00 313.00 123.15 0.0032 2.09
30.00 303.00 84.32 0.0033 1.93 Table3-2
(3) Acetone
t(C) Tk) P(acetone)mmHg T logP(acetone)
55.00 328.00 844.27 0.0030 2.93
50.00 323.00 672.71 0.0031 2.83
40.00 313.0 463.15 0.0032 2.67
Table3-3
30.00 303.00 337.42 0.0033 2.53
3.0 f
R = acetone
= ® cthanol
26 water
o 3
3 22 f B
1.8 T
1 1 1 1 : .
1.4 Fig.3-1 Fig.3-1
0.00305 0.00315 0.00325 0.00335
1T

(1) The container will be easily deformed when heated up to 60°C, which results in
inaccuracy. So the highest temperature in the experiment is 55°C .

(2) Because it is not easy for thermostatic bath to reach heat symmetry in the course of
heating the liquid. After improvement, the bottle is equipped by a thermometer so that
the water temperature in the bottle can be measured more accurately.

(3) The pressure value starts to be measured at 30°C . Then continue to heat up, and measure
the pressure change. The air pressure can be corrected from P;/T;=P,/T; ,and the liquid’s
vapor pressure is calculated.

(4) At the moment of heating, the pressure increases, which results in the rise of vapor’s
dissolvability. So the vapor pressure measured by the gauge shall be smaller than the
actual value after the element of air pressure inflation is eliminated.

(5) The vapor heat is calculated from clausius-clapeyron equation. (as Table 4-4)
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enthal i heoreti
of Vapziization (cal/mole) Obtained value t 52]5; i

wather 9626.5 9737

ethanol 8911.7 9222

acetone 7183.0 7488

Table3-4

4. In Experiment 5, the average k value of CO; and O,, CO,: 2.63x107 mM, O;: 4.34x10>mM. The

correlation of k value of CO; and O, towards pressure is that k value of CO, exhibits positive

deviation while pressure is great, from which it could be derived that Henry’s Law is applied to

conditions of low temperature, pressure and poorly water soluble gases. The dissolution degree of

O, and the oxygen pressure is in direct proportion, from which Henry’s Law could be proved.

Statistics & Analysis

Gas: CO, Temperature = 23.4C

(Figuring out the air pressure value P through the voltage V from experiment statistics) (- stands for

smaller than a unit of atmospheric pressure.)

1 2
temperature(C) 234 234 234 234 234 234
volume of
101.00 101.00 101.00 101.00 101.00 101.00

gas(mL)
volume of

) 55.40 55.40 55.40 55.40 55.40 55.40
solution(mL)
Vi(V) 0.035 0.031 0.019 0.013 0.009 0.002
Pi(mmHg) 826.81 818.85 | 794.99 | 783.06 | 775.10 | 761.18
Vn(V) 0.030 0.016 0.011 0.008 0.000 -0.002
Pn(mmHg) 816.87 | 788.63 779.57 | 772.922 | 757.21 753.65
Vi(V) 0.031 0.019 0.013 0.009 0.002 -0.001
Pr(mmHg) 818.85 | 794.99 | 783.06 | 775.10 | 761.18 | 755.23

Table4-1
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3 4

temperature(C) 23.3 23.3 23.3 23.3 23.3 233
volume of

101.00 101.00 101.00 101.00 101.00 101.00
gas(mL)
volume of

5450 55.40 55.40 50.50 50.50 50.50
solution(mL)
Vi(V) 0.005 -0.001 -0.003 0.025 0.017 0.011
Pi(mmHg) 767.15 | 755.23 751.25 806.92 | 791.01 779.08
Vn(V) 0.000 -0.004 -0.007 0.015 0.010 0.03
Pn(mmHg) 757.21 749.27 | 741.31 787.03 776.29 | 764.03
Vi(V) 0.001 -0.003 -0.007 0.017 0.011 0.005
Pr(mmHg) 759.20 | 751.25 | 743.30 | 791.01 779.08 | 767.15

Table4-2

Gas: O, Temperature = 23.2°C (- stands for smaller than a unit of atmospheric pressure.)

1 2

temperature(C) 24.0 24.0 24.0 24.0 24.0 23.9
volume of

137.6 137.6 137.6 137.6 137.6 137.6
gas(mL)
volume of

18.8 18.8 18.8 18.8 18.8 18.8
solution(mL)
Vi(V) 0.046 0.037 0.030 0.027 0.004 0.019
Pi(mmHg) 848.68 830.78 816.86 810.90 | 765.16 | 794.99
Va(V) 0.036 0.030 0.019 0.021 -0.003 0.004
Pn(mmHg) 828.79 816.68 794.74 | 798.84 | 751.09 | 764.88
Vi(V) 0.037 0.030 0.019 0.021 -0.003 0.004
P(mmHg) 833.57 816.86 | 794.99 | 79897 | 751.25 765.16

Table4-3
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3 4
temperature(C) 23.9 23.9 23.9 22.8 22.8 22.8
volume of
sl 1054 | 1054 | 1054 | 1266 | 1266 | 1266
volume of
olution(ml) 51.0 51.0 51.0 29.8 29.8 29.8
Vi(V) 0.021 | 0014 | 0001 | 0045 | 0044 | 0.053
Pi(mmHg) 798.97 | 784.45 | 75920 | 846.69 | 844.70 | 862.60
Va(V) 0.013 | 0.001 | -0006 | 0039 | 0032 | 0.044
Po(mmHg) 783.06 | 75822 | 744.79 | 83451 | 820.40 | 84437
Vi(V) 0.014 | 0.001 | -0006 | 0039 | 0032 | 0.044
P(mmHg) 785.05 | 759.20 | 74529 | 83476 | 820.84 | 844.70
Table4-4

5 6
temperature(C) | 220 22,0 22,0 22,0 22.0 22,0
volume of 1070 | 1070 | 1070 | 1070 | 107.0 | 107.0
gas(mL)
volume of 49.4 49.4 49.4 49.4 49.4 49.4
solution(mL)
VimV) 32.0 21.4 16.1 24.6 172 5.9
Pi(mmHg) 820.84 | 799.76 | 789.22 | 806.12 | 791.41 | 768.94
VamV) 20.9 15.9 8.0 17.0 5.5 9.5
Ps(mmHg) 798.97 | 788.82 | 773.12 | 791.01 | 768.14 | 73833
VimV) 21.4 16.1 8.1 17.2 5.9 -8.9
P(mmHg) 799.76 | 789.22 | 774.90 | 791.41 | 768.94 | 739.51

Table4-5
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According to the methods above, determine the K values of different gases. Pm=Pt-Pn  AP=Ps-Pi
K value of CO,

1 2 3 4
gas CO,
volume of gas(mL) 101.00 101.00 101.00 101.00
volume of solution(mL) 55.40 55.40 55.40 50.50
temperature (°C) 23.4 23.4 23.3 23.3
P.1 (mmHg) 826.81 783.06 767.15 806.92
P (mmHg) 816.87 772.922 757.21 787.03
P (mmHg) 818.85 775.10 755.23 791.01
/\P1 (mmHg) 7.96 7.96 7.96 15.91
Pmi (mmHg) 1.98 2.178 1.99 3.98
Ami(mM)) 0.1954 0.2140 0.1964 0.4310
ki(mM/ mmHg) 2.45x107 | 2.69x107 | 2.46x107 | 2.70x107
Pi2(mmHg) 818.85 775.10 755.23 791.01
Pn2(mmHg) 788.63 757.21 750.26 776.29
P2 (mmHg) 794.99 761.18 751.25 779.08
/\P2 (mmHg) 23.86 13.92 3.98 11.93
Pm2 (mmHg) 6.36 3.97 0.99 2.786
Am2(mM)) 0.6277 0.3918 0.0977 0.2961
k2(mM/ mmHg) 2.65x107 | 2.81x107 | 2.45x107% | 2.52x107
Pis(mmHg) 794.99 761.18 751.25 779.08
Pn3(mmHg) 779.57 753.65 741.31 764.03
Pr3(mmHg) 783.06 755.23 743.30 767.15
/A\P3(mmHg) 11.93 5.95 7.95 11.93
Pm3(mmHg) 3.49 1.58 1.99 3.12
Am3(mM) 0.3441 0.1556 0.1964 0.3448
ks (mM/ mmHg) 2.88x107 | 2.62x107 | 2.47x107% | 2.89x107
A: y-intercept 2.32x107 | 2.32x107 | 4.52x107 | 3.85x107
R-squared value 0.9999 0.9995 0.999 0.9996
K value 2.66x107 | 2.71x107 | 2.46x107 | 2.70x107
Table4-6
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According to the methods above, determine the K values of different gases. Pm=Pt-Pn  AP=P¢-Pi

760

780

800

Partial pressure (mmHg)

Fig.4-3

820

K value of O,
_ - = pu B =+

gas O,

volume of gas(mL) 137.6 137.6 105.4 126.6 107.0 107.0

volume of

solution(zL) 18.8 18.8 51.0 29.8 49 .4 49.4
temperature ('C) | 24.0 24.0 23.9 22.8 22.0 22.0
P.1 (mmHg) 848.68 | 810.90 798.97 | 846.69 | 820.84 806.12
P (mmHg) 833.41 | 798.84 784.45 | 83451 | 798.97 791.01
Pri (mmHg) 833.57 | 798.97 785.05 834.76 | 799.76 791.41
AP1 (mmHg) 15.11 11.93 13.92 11.93 21.08 14.71
Pmi (mmHg) 0.16 0.13 0.60 0.25 0.79 0.40
Ami(mM) 0.0630 | 00524 0.0666 | 0.0573 | 0.0930 0.0471
ki(mM/ mmHg)  [4.17x107 | 4.39x107 | 4.77x107 |4.80x10° | 4.4x10° | 3.2x107
Pi2(mmHg) 830.78 | 765.16 785.05 | 844.70 | 799.76 791.41
Pr2(mmHg) 816.68 | 751.09 75822 | 820.40 | 788.82 768.14
Pr2 (mmHg) 816.86 | 751.25 759.20 | 820.84 | 789.22 768.94
/P2 (mmHg) 13.92 13.91 25.85 23.86 10.54 22.47
Pmz (mmHg) 0.18 0.16 0.98 0.44 0.40 0.80
Am2(mM) 0.0715 0.025 0.1111 0.1019 | 0.0471 0.0942
ko(mM/ mmHg) | 5.14x107 | 4.68x107 | 4.25x107 |4.32x10° | 4.4x10° | 4.1x107
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Pis(mmHg) 816.86 794.99 759.20 862.60 789.22 768.94

Pn3(mmHg) 794.74 764.88 744.79 844.37 774.37 738.33
P3(mmHg) 794.99 765.16 745.29 844.70 774.90 739.51
AP3(mmHg) 21.87 29.83 13.91 17.90 14.32 29.43
Pm3(mmHg) 0.25 0.28 0.50 0.33 0.53 1.18

Am3(mM) 0.0983 0.1124 0.0555 0.0760 0.0629 0.1390

ks(mM/ mmHg)  |4.49x107 | 3.76x107 | 3.98x10° [4.23x107 | 4.38x10” | 4.6x10”
A: y-intercept 2.32x107 | 2.32x107 | 4.52x10° [3.85x107 | 4.52x107 | 3.85x107
R-squared value 0.9999 | 0.9995 0.999 0.9996 0.999 0.9996

K value 4.60x107 | 4.28x107 | 4.33x10° |4.45x107 | 4.39x107 | 3.97x107
Table4-7
K value of O,
S 36 [ . ° .
E . ¢ -
S 34 0
.; | ° )
=
S 32 f
K% X
U [ [ [ [ [
o~ 3.0 Il Il Il Il Il
@)

740 760 780 800 820 840

Partial pressure (mmHg)
Fig.4-2

(1) The average k value of CO, and O is: CO2: 2.63x10% mM, Oy:  4.34x10”°mM. Obtained the
partial pressure of oxygen (CO;) on the surface of water solution by this device, and the
dissolution degree of this gas could be calculated.

(2) The correlation of value k of CO, and O, towards pressure is that: Value k of CO, shows
positive deviation while pressure is great, from which it could be derived that Henry’s Law is
applied to poorly water soluble gas under the conditions of low temperature, pressure and
poorly water soluble gases. The correlation between dissolution degree of O, and oxygen

pressure is in direct proportion, from which Henry’s Law could be proved.
5. In Experiment 6, the B.O.D. value in the upstream of Kaohsiung River is 0.0468 mM, in the

middle-course is 0.0414 mM, in the downstream is 0.0369 mM, and in the outlet is 0.0300
mM.
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Statistics & Analysis

s Kaohsiung River Upstream Table5-1
1 2 3 4
Volume of sample | 50.0 50.0 50.0 50.0
solution(mL)
Volume of gas(mL) | 106.4 106.4 106.4 106.4
date 1/24 1/27 1/28 1/31
temperature( °C) | 21.5 19.9 20.0 19.5
VIi(mV) 42.0 42.6 39.6 38.2
_ﬂé P1(mmHg) 840.73 841.92 835.96 833.17
<l v2(mV) 40.0 40.4 37.3 36.5
P2(mmHg) 836.75 837.55 831.38 829.79
- V3(mV) 41.1 47.1() 37.8 41.1
% P3(mmHg) 838.94 850.87 832.38 838.94
% V4(mV) 39.3 46.1 36.2 39.7
P4(mmHg) 835.36 848.88 829.19 836.15
Dissolution of 0.0870 0.0533 0.0309 0.0065
oxygen(mM)
& Kaohsiung River Middle-course Table5-2
- = = PH
Volume of sample | 50.0 50.0 50.0 50.0
solution(mL)
Volume of 106.4 106.4 106.4 106.4
gas(mL)
date 1/25 1/27 1/30 1/31
temperature( °C) | 20.0 19.5 20.8 19.5
VI(mV) 42.1 30.8 37.3 40.8
E P1(mmHg) | 840.93 818.46 831.38 838.34
ﬂ: V2(mV) 39.8 29.6 36.2 39.2
P2(mmHg) | 836.35 816.07 829.19 835.16
= | V3(mV) 48.0 31.1 39.0 38.8
% P3(mmHg) | 852.66 819.05 834.76 834.28
g V4(mV) 46.0 30.1 38.0 37.2
P4(mmHg) | 848.68 817.06 832.77 831.18
Dissolution of 0.0145 0.0092 0.0047 0.0015

oxygen(mM)
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Kaohsiung River Downstream

Table5-3

- = = PH
Volume of sample | 50.0 50.0 50.0 50.0
solution(mL)
Volume of 106.4 106.4 106.4 106.4
gas(mL)
date 1/25 1/27 1/28 1/31
temperature( °C) | 21.5 19.9 21.5 19.5
V1i(mV) 44.5 50.9 47.3 32.0
g Pl(mmHg) | 845.70 858.43 851.27 820.84
= | V2(mV) 42.2 49.3 46.5 30.8
P2(mmHg) | 841.13 855.25 849.68 818.46
o | V3(mV) 51.0 45.2 10.2 43.4
-% P3(mmHg) | 858.63 847.09 777.49 843.51
g V4mv) | 50.0 445 9.9 422
P4(mmHg) | 856.64 845.70 776.89 841.13
Dissolution of 0.564 0.0384 0.0202 0.0015
oxygen(mM)
% Kaohsiung River Outlet Table5-4
~ - = I&
Volume of sample 50.0 50.0 50.0 50.0
solution(mL)
Volume of 106.4 106.4 106.4 106.4
gas(mL)
date 1/26 1/27 1/30 1/31
temperature( “C) 21.0 19.8 21.0 18.0
V1 12.0 43.1 30.4 36.9
&:f P1(mmHg) 781.08 842.92 817.67 830.59
=S V2 10.7 41.8 29.4 35.7
P2(mmHg) 778.49 840.33 815.68 828.20
- V3 10.3 33.0 40.5 39.3()
-% P3(mmHg) 777.69 822.83 837.75 835.36
Z|va 9.9 324 39.8 38.1
P4(mmHg) 776.89 821.64 836.35 832.97
Dissolution of 0.0424 0.0302 0.0123 0.0003

oxygen(mM)
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Upstream of Kaohsiung River

Middle-Course of Kaohsiung River
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B.O.D. Table5-5
il HL 9k Yk LA
Volume of sample 50.0 50.0 50.0 50.0

solution(mL)

Volume of gas(mL) 106.4 106.4 106.4 106.4
temperature( °C) 19.8 19.5 19.9 19.7
< | P1(mmHg) 841.92 840.93 858.43 842.92
% P2(mmHg) 837.5 836.35 855.25 840.33
g “ | m (mM) 0.0967 0.1015 0.0688 0.0571
= P3(mmHg) 850.87 819.05 847.09 822.83
P4(mmHg) 848.88 817.06 845.70 821.64
Am(mM) 0.0434 0.0587 0.0304 0.0268
mo(mM) 0.0533 0.0428 0.0384 0.0303
temperature ( °C) 19.5 19.5 19.5 19.5
P1(mmHg) 833.17 838.34 820.84 830.59
jg P2(mmHg) 829.79 835.16 818.46 828.20
& 3 | m(mM) 0.0755 0.0705 0.0539 0.0535
& £ P3(mmHg) 838.94 834.28 843.51 835.36
E‘ P4(mmHg) 836.15 831.18 841.13 832.97
: Am(mM) 0.0690 0.0691 0.0524 0.0532
mo(mM) 0.0065 0.0014 0.0015 0.0003
B.0.D. (mM) 0.0468 0.0414 0.0369 0.0300

Upstream

(1) B.O.D. values of each river section are as the right.

Middle-course

Downstream

Upstream > Middle-Course > Downstream > Outlet

Table5-6

Outle

Upstream

Middle-Course

Downstream

Outlet

B.0.D. (mM)

0.0468

0.0414

0.0369

0.0300
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(2) The correlation of river water’s oxygen quantity of each river section is:
Upstream > Middle-Course > Downstream > Outlet, the decreasing progressively trend

with time of oxygen quantity under river water is as the above illustration.

1. The experiment fastens the vapor pressure gauge to electronic IC PCB by welding tin, and

connects the multi-meter and charging battery to assemble the device. Inside the vapor
pressure gauge is a subtle film resistor. The pressure differential at both sides of film will
cause the deformation of resistor, thus leading to the change in the value of electric resistance.
By using electronic IC PCB to connect batteries to form a passage, and also by using
multi-meter to read the voltage value at both sides of vapor pressure gauge, the vapor pressure
differential can be calculated from both sides of film resistor.
Improvementl: The electronic IC PCB is sliced into smaller area for the convenience of
connecting gauges in every experiment. One of the sides of film resistors is taken to connect
with atmosphere. And the other side is connected with pressure system expected to be
measured. Because the pressure system expected to be measured is non-vacuum, there is
originally atmosphere pressure in the system. Therefore, the pressure differential from both
sides is vapor pressure or air pressure expected to be measured.

2. In experiment II, the conical flask serves as a closed space. Near the conical flask, a plastic
tube is connected to air pump to change the pressure differential inside and outside the flask.
The flask mouth is sealed by cork. And holes are drilled to connect the vapor pressure gauge
and mercury pressure gauge.

Improvement 1: Use airproof tape, hot melt adhesive to seal the plastic tube and vapor pressure
gauge. And the calibration curve is accurately fabricated for non-commercial vapor pressure
gauge.

Improvement 2: Coupled with mercury pressure gauge in physical experiment, and by making
use of the mercury pressure gauge in physical laboratory, an accurate calibration curve can be
made for non-commercial vapor pressure gauge.

Improvement 3: coupled with mercury pressure gauge in physical experiment, the use of
school physical laboratory’s mercury pressure gauge can accurately fabricate calibration curve
for vapor pressure gauge.

3. In experiment III, connect two syringes of the same volume to both ends of T tube. The third
end is connected to vapor pressure gauge. The T tube is uses as vapor chamber for pushing the
left syringe while pulling the right syringe. The volume of vapor chamber must remain stable
for getting rid off the influence that changing volume has on vapor pressure.

Improvement : The pointed mouth of syringe is cut off. In experiment, the gauge leans slightly
towards the right side (the end for pumping liquid)to pump up the liquid in the tube.

(1)In 1908, American chemist Gilbert N. Lewis asserts the concept f(Fugacity)in the
bibliography as follows:
a. Ideal vapor and chemical potential has the following relation:
p=po+ RT In P/Po. The defined actual vapor and chemical potential have similar
relation p=po+ RT Inf/fo =P
®f. Fugacity’s unit is the same as pressure. It replaces the pressure P in Raoul’s Law.
b. Its meaning lies in the fact that in actual conditions, f(Fugacity) replaces the pressure P
in ideal conditions. It predicts the transformation of matters accurately(liquid changes
to vapor, vapor changes to liquid).So the experiment data result can be slightly
corrected to match the real condition. The follow-up research of this experiment will
continue to discuss this portion.
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4. In experiment IV, a plastic bottle is used as a container for pure liquid expected to be measured.
By drilling a hole at the mouth of bottle and connecting to vapor pressure gauge, and also by
drilling holes on its side, and connecting to triple valves as a switch, the internal and external
pressure differential can be adjusted. The plastic bottle is heated in thermostatic bath to change
the value of vapor pressure measured under different temperatures. The iron rack is used to fix
the plastic bottle and prevent the water in the thermostatic bath from rocking while circulating.
Improvement 1: A cork is substituted for a bottle lid and connect to vapor pressure gauge
closely using AB adhesive and PVC dirt. Add one hole to put in a thermometer and measure
the value of temperature for liquid expected to be measured, which substitutes for temperature
of thermostatic bath. This is to prevent the inaccuracy cased by the inconsistency in the
temperature inside and outside the bottle.

Improvement 2: In every experiment, the liquid expected to be measured is heated to a
common initial temperature to calculate the change in pressure caused by heating the vapor in
the bottle, and also correct the inaccuracy while reading the vapor pressure value.

Improvement 3: In order to avoid the increase in air pressure in the heat-up procedure that
causes inaccuracy, the improvement method is that: dip the container in the water, and only
expose the lid. Then heat up the liquid that will be infused to initial temperature. At this time,
turn on the switch on the lid to connect the inside and outside. After reaching balance, turn off
the triple valves. At this moment, infuse the liquid to increase the volume inside the
bottle.(refer to experiment step 1)

5. In experiment V, one hole is drilled in a cork to connect to the three valves, which serve as a
switch. Connect it to the steel bottle containing vapor expected to be measured. Infuse the
vapor to change the partial pressure of this vapor in the bottle. After adding to pressure to reach
a equilibrium, use a syringe to connect to three valves and slowly pump out the vapor. This is
to reduce the vapor pressure to prevent it from dropping quickly and dissolved vapor from
spilling out from water.

Improvement 1: After several experiments, plastic bottles can be easily deformed due to the
drastic change of pressure inside and outside it. Therefore, an acrylic mug is finally chosen to
reduce the inaccuracy due to the deformation of bottle.

Improvement 2: Because the vapor that is hard to dissolve has tiny solubility, the traditional
multi-meter cannot easily detect the voltage change. So by connecting this gauge to a digital
multi-meter, we can measure the change more accurately.

(1)In the experiment operations, oxygen (CO,) is infused by the method of collection process
with displacement of water which makes the proportion of air and infusing gas don’t change
freely while performing pressure rises and declination. The system total pressure measured
at this moment is the partial pressure of the gas.

(2)I Control the pressure of initial oxygen (CO,), the obtained different initial balance
pressures are the different balance status respectively. The effect of pressure towards value k
could be measured by different initial pressures in order to explore Henry’s Law.

(3)I While performing pressure rise and declination during the experiment procedures, to shake
the cone bottle body could increase the touching area of water solution and gas to accelerate
the dissolution balance.

6. In experiment VI, the plastic bottle is put in an ultrasonic oscillator until the vapors dissolved
in the river water all spill out. Infuse the oxygen to make it saturated, then measure the
maximum dissolved oxygen of this river water to be a comparison value for the river water that
has not undergone ultrasonic oscillator. The actual amount of dissolved oxygen is extrapolated.
The measured additional soluble oxygen quantity in river water of each river section during
experiments should be compared after converting into identical standard according to the
oxygen partial pressure during measurement. The conversion method is as the right: Measured
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oxygen quantity X oxygen partial pressure in air + balance end pressure.

(1) During the experiment operations, oxygen should be infused into in the first place by the
method of collection process with displacement of water and rise pressure to initial pressure
and then pour into river water which can decrease the touching time of oxygen and river
water to decrease the experiment inaccuracy.

(2) Biochemical oxygen demand, BOD for short)

a. Definition: The total consuming quantity of oxygen for bacteria to decompose waste
material in sewage is called biochemical oxygen demand; that is, BOD.
b. Determination Method:

(D Let distilled water keep in 20°C, and then fill oxygen to make it achieve saturation
and measure the oxygen quantity.

(@ Take a portion of waste water to be measured and place in the distilled water and
keep 20°C to cultivate 5 days (needed to be separated from external oxygen), and
then measure the left oxygen quantity within water.

In the experiment operation method of cultivating procedure, the constant temperature and
sealing stable system is achieved by thermos mugs. Because of the additional oxygen
pressure changes during measurement, part of river water is taken to be measured by the
method of sampling.

(3) While measuring oxygen quantity, measure the oxygen pressure variation by shaken and
non-shaking river water respectively, and the initial oxygen quantity of original solution
could be calculated through the comparison. The river water oxygen quantity is calculated
by indirect method. If figure out the oxygen quantity through measuring the pressure
variation while river water is shaken directly, because the pressure variation may be from
other dissolved gas within river water other than oxygen, the inaccuracy easily occurred; as
a res ult, it should be calculated by indirect method.

A simple pressure gauge was assembled and the calibration curve of difference gases were
obtained.

The Raoult’s Law and the behavior of non-ideal solution mixtures were investigated.

The enthalpy of vaporization (AH ) for different liquid samples were evaluated.

The Henry’s Law is examined and the proportional constant k for O, and CO, were determined.
The gauge is applied to determine B.O.D value of water from the Kaohsiung River.

1.CRC Handbook of Chemistry and Physics, (CRC Press, 1999)

2.Physical Chemistry, by I. Levine (McGraw-Hill, New York, 1987)

3.Physical Chemistry, by Z.T. Tou (Sun-Min, Taipei,1997) (in Chinese)

4.Physical Chemistry by F.T. Tien (Kao-Li, 1999) (in Chinese)

5.CRC handbook of chemistry and physics U.S.A. : CRC Press 1999

6.IRAN ~ LEVINE > PHYSICAL - CHEMISTRY > McGraw-Hill » Inc » New York » 1987
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