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Abstract: This study presents an inquiry case utilizing generative artificial intelligence (ChatGPT) to quantitatively

analyze the non-ideal behavior of real gases observed in Boyle’s Law experiments, a common topic in secondary science

education. Pressure-volume measurements of nitrogen (N,) and carbon dioxide (CO,) revealed that both gases exhibited

pressures higher than the theoretical values predicted by Boyle’s Law, demonstrating a clear deviation from ideal gas

behavior. Although such deviations can be explained by the van der Waals equation—which accounts for intermolecular

interactions and finite molecular volume—applying this model in secondary education is challenging due to the

mathematical complexity of solving high-order equations. To overcome this educational barrier, this study employed

ChatGPT to perform curve fitting on the experimental data, thereby deriving van der Waals constants and elucidating

differences in intermolecular interactions based on molecular structure. The derived constants showed a significant

correlation with literature values; specifically, it was confirmed that carbon dioxide, with its larger molecular size and

greater number of electrons, exhibits stronger intermolecular attraction than nitrogen. These findings suggest that Al

tools can effectively support complex data interpretation processes, thereby deepening students' scientific inquiry

capabilities beyond the limitations of traditional calculation methods.

Keywords: Boyle’s Law, Arttificial Intelligence, ChatGPT, van der Waals
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import numpy as np
from scipy.optimize import curve_fit

# Given data for Argon

V_data = np.array([1, 4.1])
P_data = np.array([0.73312, 0.178901])

def van_der_waals(V, n, a):

# Curve fitting to determine n and a
initial_guess = [1, 1]

n_fitted, a_fitted = params

print(f'Fitted n: {n_fitted}")
print(f'Fitted a: {a_fitted}")

return (n * R * T) / (V - n * b) -

# Constants
R = 0.08206 # L-atm/(mol‘K), ideal gas constant
T = 25 + 273.15 # converting Celsius to Kelvin

= 0.0322 # L/mol, Van der Waals constant for Argon
# volumes in liters
# pressures in atm

# Van der Waals equation in terms of P

(@ * n**2) / Vxx2

# initial guesses for n and a

params, covariance = curve_fit(van_der_waals, V_data, P_data, pO=initial_guess)

O3 3. ChatGPTE ©] &3} A48 Jto] A Z = (Ar)

Van der Waals Fit for Argon -V vs P

x  Experimental Data (V, P)
Fitted Curve (n=0.0300, a=1.3391)

Pressure (atm)
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H,09] a9} pell thaiA &efzl
545 L?-atm/mol<} 0.0305 L/molO]D]- 25°Col| A4 0.05 mol
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EHoZ AL (V,P)= (1, 1.210911), (4.1, 0.297517)°]
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Pressure (atm)

Van der Waals Fit for Argon - 1/V vs P

X Experimental Data (1V, P)
Fitted Curve (n=0.0300, a=1.3391)
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o
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Ar H20
a (L*atm/mol?) 1.34 5.45
=3k
b (L/mol) 0.0322 0.0305
n (mol) 0.03 0.05
J=Ezk V. P) (1, 0.73312) (1, 1.210911)
’ (4.1, 0.178901) (4.1, 0.297517)
. . n (mol) 0.029998 0.04997
ChatGPT A~ a (L2-atm/mol?) 1.34 547
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MM R MEE EAE 1L 870 Hof &HE Zds = FOE
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2 Y L0l LEE 08510 DAEIE YRS LCE O 21 X3
7F €2 b 22 0.0347 L/mol YL|CE 22 EMN 2520 =AM E
LICL X2]7F €2 & &2l (V, P)= (1, 0.8006), (4.1, 0.1958) &L|Ck n
It a& A LM 2.
1/2 >
© TN CfF IH BB ZIHE 03D ZEUCH
e == n:0.0328 mol
o EIHEErA A= g 352 LZatm/mol?
O] Zi=S HIE2=E #d0|M 22 HIO|HE T 22T = e, 29| 24 7|4 AsE gh=
24 AHMo 2 EMEE O =50 2 ALY b-
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J% 5 vk 2d Wy A 34 gh&-S 918 ChatGPT t] 8k (N,)
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import numpy as np
from scipy.optimize import curve_fit

# Constants

# Given data for Nitrogen (N2)
b_n2 = 0.0347
from liquid density)

V_data_n2 = np.array([1, 4.1])
P_data_n2 = np.array([0.8006, 0.1958])

def van_der_waals_n2(V, n, a):

# Initial guess for n and a
initial_guess = [1, 1]

pO=initial_guess)

n_fitted_n2, a_fitted_n2 = params_n2

print(f"Fitted n: {n_fitted_n2}")
print(f'Fitted a: {a_fitted_n2}")

R = 0.08206 # L-atm/(mol'K), ideal gas constant

T = 25 + 273.15 # converting Celsius to Kelvin

# L/mol, Van der Waals constant for Nitrogen (approximate

# volumes in liters for N2
# pressures in atm for N2

# Van der Waals equation for Nitrogen

return (n * R * T) / (V - n * b_n2) - (a * n*xx2) / V*x2

# initial guesses for n and a

# Curve fitting to determine n and a for Nitrogen
params_n2, covariance_n? = curve_fit(van_der_waals_n2, V_data_n2, P_data_n2,

T2l 6. ChatGPTE ©]-8-3l4 A gt Fol B = (V)

o|2kglEk A A= oA ok g BAE Alo)
o] Faago] EATS & 5 Ak 53], 1A &
A5 Abol 9] s Abg-2 ol tstet vl AAKR T A
33] Ackar o4t
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i

2

Py
o

o e

Journal of Science and Science Education

o] MekE w= Aol ofd <EXPESATH A7
T dle] BAbs AA7AR] 1l s wsg
FXPESATE A7IEA 1] AR o] 3
SEArEolEhar gtk ojw FatEe EAte) JAGTh
WS, 223 AP 45 3 280 4).
Az oPslgantt 277t Atk 53] e
TN} A 97} Afolol] AbE Ao T
A=} oA A} Afele} Holr} gk ey
ojtstetaE B} Aka A} o]T Ao s 9
Aeo] oA A} Abole] AZ)(C-0)7F At EE



55 95 YA

Solie] AFAS B8 B AR AT 1A SFF B3 B A5 9PE o] 51

Van der Waals Fit for Nitrogen (N2) -

x  Experimental Data (V, P)
Fitted Curve (n=0.0335, a=2.1128)

New Data

Pressure (atm)
I o o o o o
s w o ~ ] ©o

o
w

o
[N}
X

1.0 15 2.0 2.5 3.0 35 4.0
Volume (L)

T 7w 2w g o) B e 4

Van der Waals Fit for Nitrogen (N2) - 1/V vs P

0.9} X Experimental Data (1/V, P)
: Fitted Curve (n=0.0335, a=2.1128)

Pressure (atm)

0.2 0.4 0.6 0.8 1.0
1/Volume (1/L)

F 2 Z (V). (2 vl Pk v ol P

E 5. ChatGPT ¢ & %k} Alxbak

N, CO,
b 0.0347 0.0282
A=k V. (1, 0.8006) (1, 0.8177) (1, 0.8640) (1, 0.7910)
(4.1, 0.1958) (4.1, 0.1997) (4.1, 0.2132) (4.1, 0.1962)
ChatGPT n 0.0328 0.0335 0.0359 0.0331
Ak a 3.52 2.11 11.10 16.93
) a 1.39 3.59
A%k
b 0.0391 0.0427
a®] &9] : L*atm/mol?
b2] ©4] : L/mol
n2] ©9] : mol
olikslgkioll= o] C-0 Adol F 7y Ut et o gt 714 BARE Abolo] AFEAlg-o] AA|et YA
ofve} olikslgtiol = AART A o B Ax e A ¢ 5 ok
7F EAg olol] whEbA o itsteae dA R 7
LHEo] & Ao =2 o). o3 oA oF F3l V&E =2
oS3t Az
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A FAUEG 238 o A AXEJAL, o]ikst B WA mE o) EH A4 SHE o E
gAE TR 458 o] ZA ALE[AT B A Afolof] 22 Aol vt AP e, o]+ Z|A 4 1h
Tl 283 3 Ao 9] A EE 1S W AT B2 AA o] FuE aaforst A
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Van Der Waals Fit For Nitrogen (N2)

Van der Waals Fit for Nitrogen (N2)

09 x Experimental Data (V, P)
Fitted Curve (n=0.0328, a=3.5235)
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T 1N vs. P 2 A3FH Q.

Van Der Waals Fit For CO2 - V Vs P

Van der Waals Fit for CO2 -V vs P

x Experimental Data {V, P)
Fitted Curve (n=0.0359, a=11.0985)
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Van Der Waals Fit For CO2 - 1/V Vs P

Van der Waals Fit for CO2 - 1/V vs P

X Experimental Data (1/V, P}
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import numpy as np

from scipy.optimize import curve_fit

# Constants
R = 0.08206 # L-atm/(mol-K), ideal gas constant
T = 25 + 273.15 # converting Celsius to Kelvin

# Given data for Water (H20)

b_h20 = 0.0305 # L/mol, Van der Waals constant for Water
V_data_h2o0 = np.array([1, 4.1]) # volumes in liters for H20

P_data_h20 = np.array([1.210911, 0.297517]) # pressures in atm for H20

# Van der Waals equation for Water
def van_der_waals_h20(V, n, a):
return (n * R * T) / (V - n * b_h20) - (a * n*x2) / V*x2

# Initial guess for n and a

initial_guess = [1, 1] # initial guesses for n and a

# Curve fitting to determine n and a for Water

params_h2o0, covariance_h2o0 = curve_fit(van_der_waals_h2o0, V_data_hZ2o,
P_data_h2o0, pO=initial_guess)

n_fitted_hZ2o0, a_fitted_h20 = params_hZo

print(f'Fitted n: {n_fitted_h20}")
print(f'Fitted a: {a_fitted_h20}")
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Van Der Waals Fit For Water (H20) - V Vs P

Pressure (atm)

Van der Waals Fit for Water (H20) - V vs P
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0.4
le 1f5

x Experimental Data (V, P)
Fitted Curve (n=0.0500, a=5.4654)

3% Ol 8ol QIE{HES REL ofs KYEIX gLt

Van Der Waals Fit For Water (H20) - 1/V Vs P
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import numpy as np

from scipy.optimize import curve_fit

# Constants
R = 0.08206 # L-atm/(mol‘K), ideal gas constant
T = 25 + 273.15 # converting Celsius to Kelvin

# New data from the repeated experiment for Nitrogen (N2)
b_n2 = 0.0347 # L/mol, Van der Waals constant for Nitrogen
V_data_n2_new = np.array([1, 4.1]) # volumes in liters for N2

P_data_n2_new = np.array([0.8177, 0.1997]) # pressures in atm for N2
# Van der Waals equation for Nitrogen
def van_der_waals_n2(V, n, a):

return (n * R * T) / (V - n * b_n2) - (a * n*x2) / Vxx*2

# Initial guess for n and a
initial_guess = [1, 1] # initial guesses for n and a

# Curve fitting to determine n and a for Nitrogen with the new data

V_data_n2_new, P_data_n2_new, pO=initial_guess)

n_fitted_n2_new, a_fitted_n2_new = params_nZ_new

print(f"Fitted n: {n_fitted_n2_new}")
print(f"Fitted a: {a_fitted_n2_new}")

params_n2_new, covariance_n2_new = curve_fit(van_der_waals_n2,
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Van Der Waals Fit For Nitrogen (N2) - V Vs P

Van der Waals Fit for Nitrogen (N2) - V vs P
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import numpy as np

from scipy.optimize import curve_fit

# Constants
R = 0.08206 # L-atm/(mol‘K), ideal gas constant
T = 25 + 273.15 # converting Celsius to Kelvin

# Given data for Carbon Dioxide (CO2)

b_co2 = 0.0282 # L/mol, Van der Waals constant for CO2 (approximate from
solid dry ice density)

V_data_co2 = np.array([1, 4.1]) # volumes in liters for CO2

P_data_co2 = np.array([0.8640, 0.2132]) # pressures in atm for CO2

# Van der Waals equation for CO2
def van_der_waals_co2(V, n, a):
return (n * R = T) / (V - n * b_co2) - (a * nx*2) / Vxx2

# Initial guess for n and a

initial_guess = [1, 1] # initial guesses for n and a

# Curve fitting to determine n and a for CO2

params_co2, covariance_co2 = curve_fit(van_der_waals_co2, V_data_co2,
P_data_co2, pO=initial_guess)

n_fitted_co2, a_fitted_co2 = params_co?2

print(f"Fitted n: {n_fitted_co2}")
print(f'Fitted a: {a_fitted_co2}")
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Van Der Waals Fit For CO2 - V Vs P

Van der Waals Fit for CO2 -V vs P
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import numpy as np

from scipy.optimize import curve_fit

# Constants
R = 0.08206 # L-atm/(mol‘K), ideal gas constant
T = 25 + 273.15 # converting Celsius to Kelvin

# New data from the repeated experiment for Carbon Dioxide (CO2)
b_co2 = 0.0282 # L/mol, Van der Waals constant for CO2
V_data_co2_new = np.array([1, 4.1]) # volumes in liters for CO2
P_data_co2_new = np.array([0.7910, 0.1962]) # pressures in atm for CO2

# Van der Waals equation for CO2
def van_der_waals_co2(V, n, a):
return (n * R * T) / (V - n * b_co2) - (a * n¥x*2) / Vxx2

# Initial guess for n and a
initial_guess = [1, 1] # initial guesses for n and a

# Curve fitting to determine n and a for COZ with the new data
params_co2_new, covariance_co2_new = curve_fit(van_der_waals_co2,
V_data_co2_new, P_data_co2_new, pO=initial_guess)

n_fitted_coZ2_new, a_fitted_co2_new = params_co2_new

print(f'Fitted n: {n_fitted_co2_new}")
print(f'Fitted a: {a_fitted_co2_new}")
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Van Der Waals Fit For CO2 - V Vs P (New Data)

Van der Waals Fit for CO2 - V vs P (New Data)
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