Pressure, Volume, and Temperature: Discovery of the Gas Lawws

Expennment 3

This experiment will explore the relationship betiween pressure, volume, and temperature.
Data will be collected and used to make mathematical equations relating to pressure, volume,
and temperature. The charactenistics of gases will be unfolded and understanding will come from
conducting this experiment. To understand how the gas law works in mathematical aspects,
learning about the gas law In experimentation practices 1s essential to grasping the subject. In
Part A of this experiment, the relafionship of pressure and volume were tested. Air was confined
in a syringe and multiple data points of pressure were taken by moving the piston to various
volumes. The piston started at 3ml and rose to 20ml i one to three intervals. To reassure that
results were reliable, volume points were tested again at 15ml., 10mL, and Sml.. The pressure at
the end of the experiment was almost identical to the first pressure points collected. In Part B of
this experiment, the relabonship of pressure and temperature were tested. A beaker was filled
with water and set on a hot plate to boil. Once water reached boiling point, temperature and
pressure data poinis were collected. As temperature dropped In 5-7 degrees Celsius, data was
collect to determine the pressure. Ice water was added to water to cool the temperature of water
faster. Ice was added to reach zero degrees Celsius and pressure was collected. This expenment
showed the relation betiveen pressure and volume are as pressure increases, volume decreases
and showed the relahon between pressure and temperature are as pressure Increases, temperature
mncreases. Pressure and volume are indirectly proportional and pressure and temperature are
direcily proportional.

Results of this experiment were taken by using a syringe and pressure sensor 1n Part A
and by using a pressure sensor and temperature probe in Part B. LoggerPro was the software
used 1n taking data points dunng this experiment. After the expennment, graphs and math
calculations were taken to determmine which graphs displayed the best relationship betiveen

volume vs. pressure and volume vs. temperature.

Part A: Pressure-Volume Belationships

Latest: Volume | Latest: Pressure | 1'Pressure | log(Pressure)
(mL) Pz) (LkPa) (log(kPa))
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3.0 790
70 116.99 0.008 2.08 ;-g ﬁ
8.0 107 .60 0.009 2.03 m i )
100 280.31 0.01 185 12- 3 aa0
120 74.79 0.01 187 15‘ 3 810
150 60.45 0.02 1.78 i E- 3 ai0
16.0 20.90 0.02 1.76 1:-'- 3 a0
170 23.76 0.02 173 1E-EI 810
18.0 o0.78 0.02 171 }_'[I'-El 330
200 46.32 0.02 1.67 15-El 810
150 60.78 0.02 1.78 1[I'-EI 0
100 87.55 0.01 1984 -
Volume vs. Pressure
200
2 10| » R = 0.089607
w10 = 5512 This 15 not the best relationship
E gp|  R'=09 betswveen Volume and Pressure.
e Uy 2 w12 14 16 18 o =
Volume (mL)
- Violume vs. log(Pressure)
5 3 R* = 0.97560
R L TEE — - . e . :
a Flxl = - 0.0 207 e This 1s not the best relationship
= .5 Bt between Volume and Pressure.
E 4 & £ 10 12 14 15 18 20 22
E Vialume [ml)
F*=0.99974
Vol 1/ This 1s the best relationship
F PR SSs CE=SSTE between Volume and Pressure.
% oM
@L 2 B %% 10 12 14 15 18 10 22
= Vialurme (ml)

Part A of this experiment focuses on the relationship of pressure and volume. Volume and

pressure are normally indirectly proportional, until 1/pressure comes into the picture. In the
graphs above the normal tread line 1n decreases, but volume vs. 1/pressure has an increases tread



line. The equations used are 1/pressure = 1/kPa, and log(pressure) = log (kPa). Examples are: 1/
(pressure (kPa}) = 1/{158.08 kPa) = 0.0006 kPa and log(pressure (kPa)) = log(158.08 kPa) = 2.19
kPa and k (constant) = Pressure (kPa) * Volume (mL) = 138.08 kPa * 5.0 mL = 790.

Part B: Pressure-Temperature Relationships

Event Prezsure | Temperature | Temperature 1/Prezsure log(Pressure)
Number (kPa) {“C) (K} (L'%Pa) {log{kPa))
1 114.08 81.3 33445 0.00877 2.08
2 | 11546 86.6 358.75 0.00866 2.06
3 115.36 80.3 333.45 0.00867 2.06
4 11537 80.3 323.45 0.00867 2.06
5 113.17 79.3 348.45 0.00834 2.05
B 113.16 79.3 348.45 0.008634 206
7 111.20 70.1 343.25 0.00855 2.05
3] . 10855 66.0 338.15 0.00912 2.04
g 107 .60 61.0 334.15 0.00928 2.03
10 10629 2b.3 329.45 0.00941 203
11 . 105.29 ol 2 324.35 0.00945 2.02
12 103.50 46.6 318.75 0.00966 2.01
13 10192 42 2 315.35 0.00931 2.01
14 101.02 37.6 310.75 0.00935 2.0
15 09.74 32.6 305.75 0.0100 1.99
16 09.35 27.7 300.85 0.0101 1.99
17 | 97.02 216 289495 0.0103 1.89
18 06.05 16.7 288.85 0.0104 1.96
19 02.86 11.0 284.15 0.0108 1.97
20 01.28 6.60 279.75 0.0105 196
21 00.61 0.00 273.15 0.0110 1.86
22 . 56.74 247 29735 0.0103 1.99
23 108.53 98.1 371.25 0.00921 2.04
24 114 50 97.3 370.45 0.0087 3 2.06
25 11491 92.4 365.55 000870 2.06
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