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Table S1. Set of General Chemistry-I Questions Presented to ChatGPT 3.5 

Question 1. Which one of the following is an intensive property? 
a. Temperature 

b. Length 
c. Volume 
d. Mass 

e. Energy 
 

Question 2. How many significant figures should be retained in the result of the 
following calculation? 

 
 12.00000 × 0.9893 + 13.00335 × 0.0107 

a. 2 
b. 3 
c. 4 
d. 5 
e. 6 

 

Question 3. Which isotope has 36 electrons in an atom? 
a. 𝐾𝑟36

80  

b. 𝐵𝑎35
80  

c. 𝑆𝑒34
78  

d. 𝐶𝑙34
34  

e. 𝐻𝑔80
36  

 

Question 4. Which of the following compounds would you expect to be ionic? 
a. H2O 
b.CO2 

c. SrCl2 
d. SO2 
e. H2S 
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Question 5. The correct name for Ni(CN)2 is ________. 
a. nickel (I) cyanide 
b. nickel cyanate 

c. nickel carbonate 
d. nickel (II) cyanide 
e. nickel (I) nitride 

 

Question 6. When the following equation is balanced, the coefficients are 
________. 

C8H18 + O2 → CO2 + H2O 
a. 2, 3, 4, 4 
b. 1, 4, 8, 9 
c. 2, 12, 8, 9 

d. 4, 4, 32, 36 
e. 2, 25, 16, 18 

 

Question 7. Apply concept of different reaction types to answer this question. Of 
the reactions below, which one is a decomposition reaction? 

a. NH4Cl → NH3 + HCl 
b. 2Mg + O2 → 2MgO 
c. 2N2 + 3H2 → 2NH3 

d. 2CH4 + 4O2 → 2CO2 + 4H2O 
e. Cd(NO3)2 + Na2S → CdS + 2NaNO3 

 

Question 8. The mass % of F in the binary compound KrF2 is ________. 
a. 18.48 
b. 45.38 
c. 68.80 
d. 81.52 
e. 31.20 

 

Question 9. How many oxygen atoms are contained in 2.74 g of Al2(SO4)3? 
a. 12 

b. 6.02 × 10^23 
c. 7.22 × 10^24 
d. 5.79 × 10^22 
e. 8.01 × 10^-3 

 

Question 10. How many sulfur dioxide molecules are there in 0.180 mol of sulfur 
dioxide? 

a. 1.80 × 10^23 
b. 6.02 × 110^24 
c. 6.02 × 10^23 
d. 1.08 × 10^24 
e. 1.08 × 10^23 

 

Question 11. Propane (C3H8) reacts with oxygen in the air to produce carbon 
dioxide and water. In a particular experiment, 38.0 grams of carbon dioxide are 

produced from the reaction of 22.05 grams of propane with excess oxygen. What 
is the % yield in this reaction? 
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a. 38.0 
b. 57.6 
c. 66.0 
d. 86.4 
e. 94.5 
 

Question 12. The net ionic equation for formation of an aqueous solution of 
Al(NO3)3 via mixing solid Al(OH)3 and aqueous nitric acid is ________. 

a. Al(OH)3 (s) + 3HNO3 (aq) → 3H2O (l) + Al(NO3)3 (aq) 
b. Al(OH)3 (s) + 3NO3

- (aq) → 3OH- (aq) + Al(NO3)3 (aq) 
c. Al(OH)3 (s) + 3NO3

- (aq) → 3OH- (aq) + Al(NO3)3 (s) 
d. Al(OH)3 (s) + 3H+ (aq) → 3H2O (l) + Al3+ (aq) 

e. Al(OH)3 (s) + 3HNO3 (aq) → 3H2O (l) + Al3+ (aq) + NO3
- (aq) 

 

Question 13. What volume (L) of 0.250 M HNO3 is required to neutralize a solution 
prepared by dissolving 17.5 g of NaOH in 350 mL of water? 

a. 1.25 
b. 0.11 
c. 1.75 

d. 0.070 
e. 1.75 x 10^-3 

 

Question 14.  Consider the following two reactions: 
 

A→ 2B ΔH°rxn = 456.7 kJ/mol 
A→ C ΔH°rxn = -22.1 kJ/mol 

 
Determine the enthalpy change for the process: 

 2B → C 
a. -478.8 kJ/mol 
b. -434.6 kJ/mol 
c. 434.6 kJ/mol 
d. 478.8 kJ/mol 

e. More information is needed to solve the problem. 
 

Question 15. Of the following transitions in the Bohr hydrogen atom, the ________ 
transition results in the emission of the lowest-energy photon. 

a. n = 1 → n = 6 
b. n = 6 → n = 1 
c. n = 6 → n = 3 
d. n = 3 → n = 6 
e. n = 1 → n = 4 

 

Question 16. Which of the subshells below do not exist due to the constraints 
upon the angular momentum quantum number? 

a. 2d 
b. 2s 
c. 2p 

d. All of these 
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e. None of these 
 

Question 17. Which of the following is not a valid set of four quantum numbers? 
(n, l, ml, ms) 

a. 2, 0, 0, +1/2 
b. 2, 1, 0, -1/2 
c. 3, 1, -1, -1/2 
d. 1, 0, 0, +1/2 
e. 1, 1, 0, +1/2 

 

Question 18. The ground-state electron configuration of ________ is [Ar]4s13d5. 
a. V 

b. Mn 
c. Fe 
d. Cr 
e. K 

 

Question 19. Which isoelectronic series is correctly arranged in order of increasing 
radius? 

a. K+ < Ca2+ < Ar < Cl- 
b. Cl- < Ar < K+ < Ca2+ 
c. Ca2+ < Ar < K+ < Cl- 
d. Ca2+ < K+ < Ar < Cl- 
e. Ca2+ < K+ < Cl- < Ar 

 

Question 20. Which of the following correctly represents the third ionization of 
aluminum? 

a. Al2+ (g) + e- → Al+ (g) 
b. Al (g) → Al+ (g) + e- 

c. Al2- (g) + e- → Al3- (g) 
d. Al2+ (g) + e- → Al3+ (g) 
e. Al2+ (g) → Al3+ (g) + e- 

 

Question 21. Which of the following correctly represents the electron affinity of 
bromine? 

a. Br (g) → Br+ (g) + e- 
b. Br (g) + e- → Br- (g) 
c. Br2 (g) + e- → Br- (g) 

d. Br2 (g) + 2e- → 2Br- (g) 
e. Br+ (g) + e- → Br (g) 

 

Question 22. Which of the following noble gases is not reactive? 
a. xenon and argon 
b. helium and neon 

c. xenon only 
d. xenon, krypton, and argon 
e. None of these are reactive 
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Question 23. In ionic bond formation, the lattice energy of ions ________ as the 
magnitude of the ion charges ________ and the radii ________. 

a. increases, decrease, increase 
b. increases, increase, increase 
c. decreases, increase, increase 
d. increases, increase, decrease 
e. increases, decrease, decrease 

 

Question 24. How many electrons are in the Lewis structure of a nitrite ion (NO2
-)? 

a. 18 
b. 17 
c. 16 
d. 23 
e. 24 

 

Question 25. Of the bonds C-C, C C, and C≡C, the C-C bond is ________. 
a. strongest/shortest 
b. strongest/longest 
c. weakest/longest 
d. weakest/shortest 

e. intermediate in both strength and length 
 

Question 26. The hybridizations of iodine in IF3 and IF5 are ________ and ________, 
respectively. 
a. sp3, sp3d 

b. sp3d, sp3d2 
c. sp3d, sp3 

d. sp3d2, sp3d 
e. sp3d2, sp3d2 

 

Question 27. According to molecular orbital theory, the bond order of He-He in 
the He2 molecule is ________. 

a. 0 
b. 1 
c. 2 
d. 3 
e. 4 

 

Question 28. Which of the following is expected to be paramagnetic? 
a. F2 
b. O2 
c. N2 
d. H2 
e. He 

 

Question 29. Of the following, ________ is a correct statement of Boyle's law. 
a. 𝑃𝑉 =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

b. 
P

V 
= constant 
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c. 
V

P 
= constant 

d. 
V

T 
= constant 

e. 
n

P 
= constant 

 

Question 30. Review ideal gas equation and use correct molar masses to answer 

this question. The volume of a sample of gas (2.49 g) was 752 mL at 1.98 atm and 
62 °C. The gas is ________. 

a. SO2 
b. SO3 
c. NH3 
d. NO2 
e. Ne 

 

 

Table S2. Results of General Chemistry-I Questions Presented to ChatGPT 3.5 

Questions Test-1 Test-2 Test-3 Test-4 Test-5 Test-6 Test-7 Test-8 Test-9 Test-10 

Q1 1 1 0 1 1 1 1 1 1 1 

Q2 0 0 0 0 0 0 0 0 0 0 

Q3 1 1 0 1 1 0 1 0 1 1 

Q4 1 1 1 1 1 1 1 1 1 1 

Q5 1 1 1 1 1 1 1 1 1 1 

Q6 1 1 0 1 0 0 1 1 0 1 

Q7 1 1 1 0 1 1 0 1 0 0 

Q8 0 1 0 0 1 1 1 1 1 1 

Q9 0 0 0 1 0 1 1 1 1 1 

Q10 1 1 0 1 1 1 1 1 0 1 

Q11 0 0 1 0 1 1 0 1 1 0 

Q12 1 1 0 0 1 1 1 0 0 0 

Q13 1 0 0 1 1 1 1 1 1 1 

Q14 0 1 0 1 1 0 0 0 0 0 

Q15 0 0 0 0 0 1 1 1 0 0 

Q16 1 1 0 1 0 1 1 1 1 1 

Q17 0 0 0 0 1 1 1 0 1 1 

Q18 1 1 0 1 0 1 1 1 1 1 

Q19 0 0 0 1 0 0 0 0 0 0 

Q20 1 1 0 1 1 0 0 0 1 0 

Q21 1 1 1 0 1 1 1 1 0 1 

Q22 1 0 1 1 1 1 1 1 0 1 

Q23 1 1 1 0 0 1 1 0 1 1 

Q24 0 0 1 1 0 1 1 1 1 1 

Q25 1 1 1 1 1 1 1 1 1 1 

Q26 0 0 1 1 0 0 0 0 1 1 

Q27 1 1 1 1 0 1 0 1 1 1 

Q28 1 1 1 1 0 0 1 0 0 0 

Q29 1 1 1 1 1 1 1 1 0 0 
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Q30 0 0 1 1 0 0 0 0 0 1 

Total 19 19 14 21 17 21 21 19 17 20 

% 63% 63% 47% 70% 57% 70% 70% 63% 57% 67% 

*Questions in the first five tests were administered together where in remaining five they were provided one-by-one. 

Table S3. Collection of ChatGPT’s Responses to Original Prompt (Role of Cues & Symbol Definitions). 

 

 



S8 
 

 

 

 



S9 
 

Table S4 Collection of ChatGPT’s Responses to Revised Prompt (Role of Cues & Symbol Definitions). 
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Ten Trials in Ten Separate Context Windows 

 
 



S13 
 

 



S14 
 



S15 
 



S16 
 

 



S17 
 



S18 
 



S19 
 

 
 



S20 
 

Table S5 Collection of ChatGPT’s Responses to Original Prompt (Role of Emphasizing Inherent Constraints) 
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Table S6 Collection of ChatGPT’s Responses to Revised Prompt (Role of Emphasizing Inherent Constraints) 
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Ten Trials in Ten Separate Context Windows 
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Table S7 Collection of ChatGPT’s Responses to Original Prompt (Role of Inherent Constraints/Formatting) 
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Table S8 Collection of ChatGPT’s Responses to Revised Prompt (Role of Inherent Constraints/Formatting) 
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Ten Trials in Ten Separate Context Windows 
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Table S9 Collection of ChatGPT’s Responses to Original Prompt (Avoiding Open-Ended Prompts) 
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Table S10 Collection of ChatGPT’s Responses to Revised Prompt (Avoiding Open-Ended Prompts) 
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Ten Trials in Ten Separate Context Windows 
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Table S11 Collection of ChatGPT’s Responses to Original Prompt (Avoiding Open-Ended Prompts) 
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Table S12 Collection of ChatGPT’s Responses to Revised Prompt- (Avoiding Open-Ended Prompts) 
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Ten Trials in Ten Separate Context Windows 
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Table S13 Collection of ChatGPT’s Responses to Original Prompt (Role of Optimal Information) 
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Table S14 Collection of ChatGPT’s Responses to Revised Prompt (Role of Optimal Information) 
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Ten Trials in Ten Separate Context Windows 
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Table S15 Collection of ChatGPT’s Responses to Original Prompt (Role of Field-Specific Instructions) 
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Table S16 Collection of ChatGPT’s Responses to Revised Prompt (Role of Field-Specific Instructions) 
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Ten Trials in Ten Separate Context Windows 
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Table S17 Collection of ChatGPT’s Responses to Original Prompt (Iterative Prompt Design) 
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Table S18 Collection of ChatGPT’s Responses to Revised Prompts (Iterative Prompt Design) 

From open ended fill-in-the-blank→Direct query 
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From conceptual query to calculation-based query 

 



S147 
 

 

 

 



S148 
 

 

 

 



S149 
 

 

 

 



S150 
 

 

 

 



S151 
 

 
Language modification: Lowest-Energy → Least-Energy 
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Additional instructions: “Pay special attention to mathematical part of the prompt” 
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Ten Trials in Ten Separate Context Windows 
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Table S19 Collection of ChatGPT-4.0 Responses to Unrevised Prompt 
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Figures 

 
Figure S1: Effect of cues and symbol definitions on ChatGPT-3.5 accuracy. Top left: 10% accuracy in an unaltered 
general chemistry-I exam question. Top right: Improved accuracy with a modified prompt. Bottom right: Application 
of the modified prompt on a different isoelectronic series without a noble gas. Bottom left: Another series wherein 
one of the choices includes an ion that is not isoelectronic with others. 

 

 

Figure S2: Effect of emphasizing inherent constraints on the response of ChatGPT. Top Left: Unaltered prompt. Top 
right: Modified prompt. Bottom left and bottom right illustrations demonstrate application of modified prompt to 
various sets of invalid quantum numbers. 
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Figure S3: Exploring the effects of shifting from fill-in-the-blank to direct question format: A: Examining accuracy in 
the fill-in-the-blank format. B: Evaluating accuracy in the direct prompt format. C: Illustration with identical volume, 
temperature, and pressure as the original prompt, but different weight resulting in a different unknown gas (SO3) 
compared to the original prompt (NO2). D: Illustration with identical volume, temperature, and pressure as the 
original prompt, but different weight resulting in a different unknown gas (NH3) compared to the original prompt 
(NO2). E: Illustration with identical volume, temperature, and pressure as the original prompt, but different weight 
resulting in a different unknown gas (Ne) compared to the original prompt (NO2). F: Example with identical volume, 
but different weight, temperature, and pressure resulting in a different unknown gas (CO2) compared to the original 
prompt (NO2). 

 

 
Figure S4: Effects of substituting a double fill-in-the-blank question with direct question format. A: Illustrates 40% 
accuracy for the original prompt. B: Demonstrates 100% accuracy for the modified prompt across 10 trials. C: 
Depicts an instance where multiple choices were altered, yet ChatGPT-3.5 provided correct answers. D, E, and F: 
Highlight various combinations of compounds. 
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Figure S5: A: Depicts 50% accuracy with the original prompt. B: Displays 100% accuracy with the modified prompt 
over 10 trials. C and D: Showcase the effectiveness of the modified prompt with different weights of CO2. E: 
Demonstrates the effectiveness of the modified prompt with different combinations of CO2 and propane weights. F: 
illustrates the effectiveness of revised prompt even for the combustion of octane, with varying numerical weights 

for both CO2 and octane. 
 

 

 


