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Ubiquitous Al and stressful undergraduate study Sl ATEETE S S B
TO SCIENTIFIC RESEARCH

i N &
GYaf-sgle vapor liquid equilibrium

1 Accelerating Scientific Writing and

Communication
Al o BEE WY W O SISE e ®E% - TA- Helps researchers draft, edit, and summarize

—_— scientific papers, proposals, and reports

GPT GPT-2 GPT-3 ChatGPT GPT-4  GPT-5
Example: Researchers use ChatGPT to generate

‘ l | ’ ‘ ‘ Al 4 As literature reviews and rewrite abstracts to meet atrems
[ [ [ [ | [ P i i = ’T P Data Analysi e tati 'S *
= 8 ata Anatysis an omputationat suppo
2018 2019 2020 2022 2023 2024 g i 8 R ... tyt' o _P et Ps
First 15bilion  175bilion  Chattallored  Multimodal  Real-time 3 s | [||'M/ | Assists in statistical analysis, coding (Python, R,
enerative  parameters parameters GPT-3.5 version information = ) )/ MATLAB), and data visualization
retrained and image \.I_I. o
ansformer output 3 = Example: Scientists use ChatGPT to generate and

LI “ explain machine learning pipelines for biological or ned

@ (mol CO/ mol amine)
(a)

Knowledge Discovery and Hypothesis
Generation

Synthesizes information from thousands of papers
to propose novel hypotheses or research directions

Vapor-liquid equilibrium (VLE) is the state where a liquid and its vapor are in equilibrium,
Al »ndensation, resulting in no net
1er when the vapor pressure of the
re. VLE is a fundamental concept in
ation equipment to separate
~ (e separating oil from gas components. @

Ei'i This appears to be a long document. Save time by reading a summary using Al Assistant.

Example: Biomedical scientists use GPT-based models
to explore links between genes and diseases

[ This appears to be a long document Save time by reading a summary using Al Assistant

Education, Training, and Accessibility

' Cross-Disciplinary Collaboration

o |&EC Provides interactive tutoring on complex scientfic
& h
research concepts
£, Pubsacs org/ECR | Anice | . . i
. Example: Used in graduate-level teaching to clarify
7 Harn_ess!ng Process Knowledge via Soft Sensing for Accurate Online . hypothesis testing, thermodynamics, and numericamodiling
& Monitoring: A Study on the Dow Data Challenge Problem =] n, Copilot v|
a, Wantong Fang® Cheng Ji,* Fangyuan Ma, Zheyu Jiang, Jingde Wang.* and Wei Sun* ¥ ] A|
@ ~ T Servesasa 'bridge laqguage’ betwe_en digciplings—
translating chemistry into computation, biology into
College of data science, etc.

Engineering Bec Example: Interdisciplinary projects (Al + Climate Science,
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Ubiquitous Al and stressful undergraduate study

A brief survey on senior student regarding his/her daily schedule

12 hours on
campus

—p
MID-TERM
EXAMS

2-3 per course

1 for each week

I Anxiety
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¢ Students must eam a "C” or better in these courses
to earn a passing grade and before registering for
any subsequent course that requires one or more as
a prerequisite

— »  Credit required
[»  Credit or registration required
General Education - See 2025-2026 General Catalog

3307 Patrick Taylor Hall - Chemical Engineering Office

hitp-fifwww. lsu.eduiengichel

1201, CHEM 1201, CHEM 1202, MATH 1550,
MATH 1552, MATH 2090, PHYS 2110, and
PHYS 2113 prior to enrolling in CHE 2172,
CHE 2176, or CHE 3101.

13
[ A grade of “C" or better is required in BIOL
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Ubiquitous Al and stressful undergraduate study

dShall we introduce or encourage students to learn with
the assistance of Al?

dDoes Al really help?

JHow can we know whether Al help?

Let’s try and see...
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ChE 3104, LSU Engineering Measurement Lab

Two hour lecture: o ooy -G 2025-2026
APPLIED STATISTICS TOTAL HOURS = 128 ChE Flowchart
homework per lecture AND PROBABILITY
6 quizzes FOR ENGINEERS FALL SPRING FALL SPRING FALL SPRING FALL SPRING
5 midt v 2 s | [a ] [ 5 ] [ e | [ 7 [ [ 8
midterms = =»~S¢&SpA¥™SSLvT= @090 T :
| final onbos | L[ e
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La e iverieS: et rem Fonemil ) Eectvel P, Bective !l ) Siectve v
L
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1 preliminary report at week 2 C;%Ezj f " S ) =

1 update report at week 3 _ R —— Y &
2

. J
_ ™
. @ C /I_BJ [3) @ C @ ) @ ) B m 3}
1 written report at week 4 Gf;_“;,",‘“ @%@ C:_“@ f’@%ﬁ‘ﬂ‘" M=y [&';i'r‘.f’ij Gnza ) cones )
17 B 18

1 presentation at week 4

HOURS: 15 15 16 15 1 16 = 128
1 manual revision at week 4 ChE HOURS: 1 0 4 7 3 13 13 w = 7
§ X FLOWCHART LEGEND A grade of “C" or better is required in BIOL
——» Credtrequired C Students must eam 3 "C- or better in these courses 1201, CHEM 1201, CHEM 1202, MATH 1550,
[»  Creditor registration required to earn a passing grade and before registering for MATH 1552, MATH 2090, PHYS 2110, and
any subsequent course that requires one or more as PHYS 2113 prior to enrolling in CHE 2172,
college of General Education - See 2025-2026 General Catalog a prerequisite CHE 2176, or CHE 3101.

Engineering http:liwww.Isu.edulengichel 3307 Patrick Taylor Hall - Chemical Engineering Office Revised 1/31/25
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ChE 3104, LSU Engineering Measurement Lab

CHE 3104 - Spring 2025
Laboratory Session Schedule

{SUBJECT TO CHANGE PENDING ADD / DROP DAY ADJUSTMENTS)

Team Tesam Menber Expesirment Expesirmenti Experiment
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23 Day px Day o i CENE s P (Sun} (Baihaf) (Grifin)
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20 .
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Lagend Ll oRoo&oown {Bahof) {Geifin) S}
Banila, Gino Salvalore GL WR OR
T o laboratory session Gage, Gracie Kats © oRr 6L WwR L s B'FJ‘;:”" H“‘a‘;““‘?'
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_ Waorkshop session " incl. WS amal MR. l:’:?i‘?d = gi gLR ::LR L=l {Sur) {Balhalf)
Weniti, Tyler R &L WR OR
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ChE 3104, LSU Engineering Measurement Lab --- VLE

Thermocouple

Assignment:

» GC calibration
» Equilibrium data
» Two-suffix Margules Coefficients

College of

Engineering » Comparation with literature data
Cain Department of

Chemical Engineering
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ChE 3104, LSU Engineering Measurement Lab --- VLE

Calibration
Preparation
‘ . . . .
%+ Standard liquid mixture , N] Sampling Calibration
Calculation ‘ ——
: : == factor for GC
for GC calibration UU _
Standard
solution
. T-xy Diagram Water/Methanol
—— Y1
_ | o xm Molar fraction
i’ ® YmExp. - for VLE
2 o vt Database of o
s chemicals ! | .
hd X 1 [
Preparation Equilibrium | : L
| 1 I
. |
Xa,Ya (Methanol) - Sampllng —\I\//_
——————— N s == . iy
e I EEEEEE ) % e N T Activity coefficient
o :l: . | Iculation
% EqU|I|br|Um data Comparison with liquid UU calculatio
. . literature data equilibrium o
collection at different - .
4 B
temperature N o
] N
Coeger Predictionforthe oo Plot for LE &  honnne oo twosuffix Margules
E“g.mee""g new mixture ST T T Margules equation N coe1f£|c|ent
Cain Department of =
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ChE 3104, LSU Engineering Measurement Lab --- VLE

L5SL) |

College of
Engineering

Cain Department of
Chemical Engineering

To prepare
» Theories behind
%+ Vapor liquid equilibrium
++ Distillation
» Fundamental data to know
++ Components to study
¢ Physical properties for each
component
o Density
o Molar mass
o Boiling point/dew point
o Azeotropic point
7 Numbers to calculate before the experiment
+ Volume for each component based on
the expected molar ratio
» Apparatus
< Unit
¢+ Gas Chromatograph(GC)
» What and how to measure
¢ measuring device
e GC
» Safety protocol
% Glove
% Fume hood
% mask

To implement

» Procedure

¢+ Mixture preparation

>

%+ Startup

.

¢+ Establish the equilibria

>

+* Shut down

» Measurements

%%+ Temperature

** Molar ratio from GC
» Data record

s+ Table

» Problems exist

implementation

VAR ARV ARER.Y

To analysis and summarize

>

YV YVYY

Data summary

¢ From literature

¢ From pre-calculation

% From measurements
Data analysis

¢ Data validation

¢ Curve fitting

%+ Result validation
Knowledge revisit
Conclusion
Suggestions for next session
Deliveries and report

To use Al

>

Concept

% Equilibrium

+* Physical property
User guide

% GC

+* Curve fitting and error statistics
Others

++ Safety information

11
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ChE 3104, LSU Engineering Measurement Lab --- VLE

Al for preparation by question and answer

To start an Course Executive Information
experiment delivery guide summary from Al
Experiment Theoretical Information Textbook & Background Information
manual background from Al
reference Theory from Al
Textbook & Fundamental Information Manual & Experimental Information
reference Data from Al
record & results from Al
Textbook & Fundamental Information
X Y . ! Textbook & Discussion Information
reference Calculation from Al .
reference Conclusion from Al
Manual & Supporting Information To finalize
College of reference information from Al deliveries
Engineering
Cain Department of 12

Chemical Engineering
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Survey and Volunteer activities

Category 1: Basic Understanding

VLE Fundamentals and Othmer Still Use
+ What skills should students master afiter a VLE lab?

Students should be able to measure and analyze how the compositions of vapor and liquid
phases change at equilibrium for mixtures, understand the use of lab apparatus such as the
Othmer still, and perform data analysis including GC calibration and error checks. 21

¢ “If you had to describe vapor-liquid equilibrium to a friend, what would you say?”
Vapor-liquid equilibrium means the point at which both vapor and liquid phases of a mixtre
coexist stably at a set temperature and pressure, and their compositions no longer change
over time Bl

¢ “Ever used an Othmer still? What does it do?"

The Othmer still enables separation and analysis of binary liquid-vapor mixtures by repeated

condensation and reflux cycles, helping keep the system at total reflux for equilibrium

studies. 514

+ “How would you explain the working principle behind the Othmer still?”
You heat a liquid mixture until it boils, then the vapor condenses and cycles back into the
boiling flask, ensuring the vapor and liquid phases repeatedly mix and align their

compositions before you sample them. MGl

College of

Engineering
Lsu Cain Department of y

Chemical Engineering
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Survey and Volunteer activities

Category 1: Basic Understanding

VLE Fundamentals and Othmer Still Use
+ What skills should students master afiter a VLE lab?

Students should be able to measure and analyze how the compositions of vapor and liquid

phases change at equilibrium for 1 ¢, ¢ Chrormalogr raphy Basics and Data Haﬁdllng
Othmer still, and perform data an:
e “What does GC stand for in the lab?”
» “If you had to describe vapor-liqu GC stands for Gas Chromatography, a technique used to separate and analyze volatile
Vapor-liquid equilibrium means t compounds in your samples. [l
coexist stably at a set temperature
over time B4 o “If you see a GC output plot, how do you match peaks to components?”
Identify each component by running pure standards; the peak with the earliest retention time

* “Ever used an Othmer still? What is usually the compound with the lowest boiling point (in methanol-water, methanol elutes
The Othmer still enables separatic before water). 2111

condensation and reflux cycles, hi
studies. (51011 e “Which comes out first in GC: methanol or water?”
Methanol's peak appears first since it travels faster in the GC due to its lower boiling point.['1

+ “How would you explain the worl

You heat a liquid mixture untilit| * “How does the GC distinguish different chemicals?”

boiling flask, ensuring the vapor & The GC separates mixture components by how quickly they pass through a column; their

compositions before you sample t speed depends on boiling points and their interaction with the column’s coating 211

e “What is the purpose of running a GC test?”
GC measures the relative concentrations of different volatile substances in your vapor and

liquid samples (2111

College of

Engineering
Lsu Cain Department of 15

Chemical Engineering
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Survey and Volunteer activities

Category 1: Basic Understanding

VLE Fundamentals and Othmer Still Use
+ What skills should students master afiter a VLE lab?

Students should be able to measure and analyze how the compositions of vapor and liquid
phases change at equilibrium for 1 ¢, ¢ Chrormalogr raphy Basics and Data Haﬁdllng

Othmer still, and perform data an:
e “What does GC stand for in the lab?”

» “If you had to describe vapor-liqu GC stands for Gas Chromatography, a technique used to separate and analyze volatile
Vapor-liquid equilibrium means t compounds in your samples. [l

coexist stably at a set temperature Category 2: Practical Knowledge|
o “If you see a GC output plot, how do

Identify each component by running j ¢ Qthmer Still Components & Sampling Choices

over time, B1E1

* “Ever used an Othmer still? What is usually the compound with the low
The Othmer still enables separatic before water) 2111 e “What makes up an Othmer still, and why?"
condensation and reflux cycles, h Key parts: boiling chamber (heating), condenser (cooling vapor), reflux return (ensures
studies. 511 e “Which comes out first in GC: metha equilibrium), sampling ports (for collecting phase samples). Each part ensures equilibrium

Methanol's peak appears first since it and lets you sample both vapor and liquid.2!
+ “How would you explain the worl
You heat a liquid mixture until it * 10w does the GC distinguish differe o “Why choose a methanol-water binary mix?"

boiling flask, ensuring the vapor ¢ The GC separates mixture component The methanol-water system is a textbook example because its components’ volatility
compositions before you sample t speed depends on boiling points andt  differences make equilibrium data more pronounced and easier to analyze for educational
experiments.l2l

e “What is the purpose of running a GC
GC measures the relative concentratic ¢ “What’s the point of cycling vapor and liquid in the still?”
liquid samples. 2111 Repeated cycling allows the vapor and liquid compositions to gradually adjust and reach
College of equilibrium for accurate VLE measurement, 1121

Engineering
Lsu Cain Department of 16

Chemical Engineering
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Survey and Volunteer activities

Category 1: Basic Understanding

VLE Fundamentals and Othmer Still Use
+ What skills should students master afiter a VLE lab? Data Reliability, Sampling, and Error Checking

Students should be able to measure and analyze how the compositions of vapor and liquid : .
+ “How do you spot unreliable or contaminated GC results?”

phases change at equilibrivum fOr 1 55 Chromatography Basics and Data Handlin \consistent retention times, or irregular baselines may indicate
Othmer still, and perform data an:

o “What does GC stand for in the lab?" lipment error. Re-run pure standards and compare. 1121
» “If you had to describe vapor-liqu " Chromatography. i i
e e GC stands for Gas a technique used to separate and analyze volatile GC response factor consistency?”
Vapor-liquid equilibrium means t compounds in your samples. [l . . - ) . o
) . T o o ntrations; consistency in their
coexist stably at a set temperature Category 2: Practical Knowledge|

o “If you see a GC output plot, how do
Identify each component by running j ¢ Qthmer Still Components & Sampling Choices

over time, B1E1

* “Ever used an Othmer still? What is usually the compound with the low: tem stabilizes 1o collect
The Othmer still enables separatic before water) 2111 * “What makes up an Qthmeg still, and why?" s o e
condensation and reflux cycles, h Key parts: boiling chamber (heating), condenser (cooling vapor), reflux return (ensures
studies. 511 e “Which comes out first in GC: metha equilibrium), sampling ports (for collecting phase samples). Each part ensures equilibrium

Methanol's peak appears first since it and lets you sample both vapor and liquid.2!
+ “How would you explain the worl
You heat a liquid mixture until it * 10w does the GC distinguish differe o “Why choose a methanol-water binary mix?"

boiling flask, ensuring the vapor ¢ The GC separates mixture component The methanol-water system is a textbook example because its components’ volatility
compositions before you sample t speed depends on boiling points andt  differences make equilibrium data more pronounced and easier to analyze for educational
experiments.l2l

e “What is the purpose of running a GC
GC measures the relative concentratic ¢ “What’s the point of cycling vapor and liquid in the still?”
liquid samples. 2111 Repeated cycling allows the vapor and liquid compositions to gradually adjust and reach
College of equilibrium for accurate VLE measurement, 1121

Engineering
Lsu Cain Department of 17

Chemical Engineering
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Survey and Volunteer activities

Category 1: Basic Understanding Category 3: Theory, Laws, and Calculations

s “Which scientific laws are essential for your VLE equilibrium calculations/graphs?”

VLE Fundamentals and Othmer Still Use
+ What skills should students master afiter a VLE lab?

Students should be able to measure and analyze how the compositions of vapor and liquid

Raoult’s Law (for ideal binary mixing), Dalton’s Law (partial pressures), and definitions
from thermodynamics (activit Experimental Choices and Mixing Decisions

phases change at equilibrium for i G5 ¢ Chromatography Basics and Data Handling » “How is linear regression use¢ * ~Why a90/10 molar ratio instead of by volume?™

Mole ratio is chosen be¢ Standard Solutions, Peak Assignment, and Data Choice

Othmer still, and perform data ani Linear regression fits your exg _
e “What does GC stand for in the lab?” . and match theoretical m * “Best way to prepare a GC calibration standard?”
" . . . estimates. Cﬂmp'u(e b}' least s¢ Accurately weigh or pipette components, dilute to a known volume, and mix thoroughly
» “If you had to describe vapor-liqu GC stands for Gas Chromatography., a technique used to se before analysis @
- . _ & “Will mixing methanol
Vapor-liquid equilibrium means t compounds in your samples. [l o “What counts as a “good fit" 1 » “How to decide which GC peak is which?"

There can be a slight vo

COE‘XiSI Smbl al a set . S FET ) ) Run pure standards first, then match their retention times to the peaks in your sample runs. (21
y Category 2: Practical Knowledge| Agood fitisindicated by sma ooy because the s R
over lil'l'le 31141 illIS fOllOW Ihe redicted tre ) . *  “Why use mole fraction over weight or volume fractions?
. po p mixtures. 2121 Mole fraction allows direct use in equilibrium models and thermodynamic formulas, which
N e Othmer Still Components & Sampling Choices require molecules counts, not volunie of mass (13
e “Ever used an Othmer nol elutes o “Do you add methanol 1, gy -sctivity coefficient” simply
The Olhme.l‘ S[ill en,ab ° “What makes UP an O r S[i“ and “.hyo-- Usuall)'. methanol is ad Activity coefficient measures how far a real mixture’s behavior deviates from the ideal case,
. e ‘ 3 . influencing phase equilibrium 2
condensation and refl Koy parts: boiling chamber (heating), condenser (cooling vapor), reflux return (ensures release or splashing (2 o .
dj 5101 s “Physical meaning of Margules coefficients?”
studies. g ; ja aa' . “ A s came. s el . . ;
equilibrium), samplin; s " - Margules coefficients quantify how strongly two substances in a binary mixture deviate from
q ). sampling ports 1y 2 Reliability, Sampling, and Error Checking » “Areweassmingideal et sty cooficintll
and lets you sample both vap Often initial calculation

* “How would you expl

* “Common sources of composition measurement efror?”

¢  “How do you spot unreliable or contaminated GC results?”

L coefficients or Margule: Sample i ori
You heat a liquid mix o . . Lo . . P
q * “Why choose a methanol-wa Unexpected peaks, inconsistent retention times, or irregular baselines may calibration dnift 112
boiling flask, ensurin, 2 i L . » “How do equilibrium cc ; .
¢ ¢ The methanol-water system i contamination or equipment error. Re-run pure standards and compare. 112! o * “Howdo affoct 4
COIl‘lpOSiIiOI']S before ¥ differences make eq““ibl'iulr mixtures?” They change the volatility and equilibrium compositions, infroducing error into vour
sisi & measurements 01
» e Iy - : " 9
experiments.2! o “How do you verify GC response factor consistency? The equilibrium compo: - et b
. . . _ then analvzed * “Comect experimental data for noa-i vior?
Prepare and run several standard solutions at different concentrations; cons pressure, y Use sctivity cosEicisnts nd modely soch a1 Dl o vin Lag#o corect sxperimental

* “What's the point of cycling response factors suggests reliable calibration.[] liquid 121 dta for sbserved non-dealies &

“How do vou know if the system reached equilibrium>

Repeated cycling allows the '
@ y z z e The boiling should drifting and repeated should give the
College of equilibrium for accurate VLE * “How do you take samples from vapor or liquid phases? mm‘::::m%':ﬂ;” @ and repested messtrements should gave

Eng ineering Use designated sampling ports in the apparatus right after the system stabilizes to collect
Ca i n De pa rtment Of small amounts of each phase for GC analysis.[2l 18
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Survey and Volunteer activities

. 60
Total average questions prepared by TA vs Total Top 5 students who asked the most number of
average questions students got ChatGPT answered questions across each categor
uesti y.

&0 50 El  Category3

30
50 Bl Category2

40 25
Category 1

40 20

30
30 I 15
20
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I I 11 I
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0
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Questions in each category
asked by different students
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Survey and Volunteer activities

The questions on each category
The distribution of questions asked

10
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5
4
3
2
1
0
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0@6\ OQQ” @\O (9 @90 &6 <+ S ,bé’o‘
; ; 9 & L \}
= experiment = data processing = report © &
% o

More questions in preparation stage
Equipment, operation and reporting
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Observations and Conclusions

More questions vs Better performance

One group leader prepared herself and her
team very well with ChatGPT

im doing a VLE experiment in my junior lab for chemical engineering
using an othmer still and GC to integrate. I've watched youtube videos
but can you explain to be how it works and what equations i may need
and anything else important you think ill need to know?

¢ 2. Where the GC Fits In

The gas chromatograph (GC) is used to determine the composition of each phase by separating the

components and integrating peak areas.

¢ The area under each peak is proportional to the molar amount of that species.

* A response factor (RF) is needed if detector sensitivity differs between species.

Equation for mole fraction from GC data:

College of

Engineering
Lsu ‘ Cain Department of

Chemical Engineering

¢ 1. How the Othmer Still Works

The Othmer still is a simple batch distillation apparatus used to measure vapor-liquid equilibrium (VLE)
data for binary (sometimes ternary) mixtures.
* Basic setup:
e You charge the still with a known liquid composition.
e Heat brings the mixture to boiling.
* Vapor rises and is condensed.
* A portion of condensate is returned (reflux) to maintain equilibrium, while another portion is
withdrawn for sampling.
e You can sample both the vapor condensate and the liquid phase inside the still.

* Key idea: After equilibrium is established, the liquid in the boiling pot and the vapor leaving the system

ranracant Ana dAata nnint an tha VI F Fronse:

¢ 3. Equations You'll Likely Need

Here are the key ones that usually come up in a junior VLE lab:
a) Raoult’s Law (ideal mixtures)
uP =z, P (T)

where

e y; = vapor mole fraction
e ; = liquid mole fraction
» P = total system pressure (usually 1 atm in Othmer still)

o P*T) = vapor pressure of pure component i at temperature T" (from Antoine equation)
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Observations and Conclusions
More questions vs Better performance

Other group leader asked significant number
of questions, but made a terrible mistake

T-xy Diagram Water/Methanol T-xy Diagram Water/Methanol
105 105
—@—Yw
100 100
95 A o 95 —o—Xm
@) @)
S %0 o ® YmExp.
E 85 —— YW % 85 (} xm E
o —
g 30 Model | g 80 m Exp.
5 £
3 75 - g 75
¢ 70
70 Model [
65 65
60 | 60
0 0.2 04 06 08 ) L 0 0.2 0.4 0.6 0.8 1 1.2
Xa,Ya (Water) Xa,Ya (Methanol)
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Observations and Conclusions

Based on the study on the calculation result and further
investigation, the group addressed as following:

A two-member group only asked
total six questions and did a very By taking the calculated activity coefficients from Equation 1,
good job. the Margules Coefficient can be solved in the Two-Suffix
Margules Equation (Equation 3). After proceeding with these
calculations, asymmetrical behavior was observed. It was
then decided that calculating the Margules Coefficients for
the Three-Suffix Margules Equation could depict the
behavior of the mixture more accurately (Equation 4).

College of

Engineering
Lsu Cain Department of ”

Chemical Engineering



ARV SN Y VAR ARV ARER.Y

X / %@ﬁ% NOVEMBER 2-6, 2025 VA AVAV AVAY VA

N

Observations and Conclusions

1. It is always good to start and ask --- with the help of Al, well established
scientific and engineering questions can be properly answered.

A guide can be provided for specific questions, instead of the exact answers.
Al can help, but may not be able to learn for students.

The acceptance for new tool is different by persons.

More samples needed to have a solid conclusion.
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