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The waste problem

e 35.7 million tons of U.S. plastic waste in 2018; only 8.7% recycled; 8
million tons of plastic enter oceans yearly

e Saturated backbone resists microbial breakdown; it does not
biodegrade without UV/ozone or high-energy exposure

¢ Molecular weight (Mw) controls melt viscosity and entanglement
density — it's the single number recyclers most need to know fast

¢ Traditional Mw methods like viscometry need expensive equipment
and long run times

=" INTRODUCTION

The solution & study objectives

e Spin-cast ellipsometry is cheap, fast, single-measurement

e Process [100]-oriented Si wafers as clean, defect-free substrates;
spin-cast a concentration series of a nominal 280,000 g/mol PS
standard (Sigma-Aldrich) and measure film thickness by
ellipsometry

e Back-calculate Mw from the concentration-thickness relationship;
confirm chemical identity (FTIR) and thermal behavior (DSC);
characterize UV/ozone surface oxidation via contact angle
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[1] U.S. Environmental Protection Agency. Plastics: Material-Specific Data. Updated March 13, 2026. https:/www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/plastics-material-specific-data.
[2] S. Sood, S. Fang, A. C. Wang, T. Luong, J. K. Kim, A. Sinha, J. Jerome, and M. H. Rafailovich, “Pol y A hands-on for high school

polystyrene through spin casting,” Journal of Chemical Education, vol. 100, no. 2, pp. 900-906, 2023, doi: 10.1021/acs.jchemed.2c00987.
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MATERIALS & METHODS

T e | et | e
Sigma-Aldrich, St. Louis, MO Nominal Mw 0,000 g/mol
ACS reagent grade

Toluene as solvent

Optical microscope

Compression and hot press 180 °C, 1000 Ib, 4 min
4000-400 cm™ range
Headway Research PWM 32 00 rpm, 30 s

FTIR spectrometer

Contact angle goniometer

Ozone chamber

Sigma-Aldrich, St. Louis, MO

N [100] Miller index, single-side polished

Metallurgical Olympus

Instruments Disc

Thermo Scientific Nicolet 6700

Rudolph Research AutoEL

CAM 200 Optical Contact Angle
Meter

N/A, university stock

10.0 mL, £0.05 mL uncertainty

Diamond-tip scribe / diamond pen

10x and 50 objectives

20 °C/min ramp, 20-200 °C

1l ellipsometry, 4 spots/sample

Sessile drop, DI water

Low-pressure Hg lamp

Table 1. Materials and manufacturer information.

pp(T) = (dH/dt) / B.

DSC
p = rp/rs = tan(¥)-e/i
Ellipsometry

[3] Garcia Summer Scholars, “Spin casting polymer thin films” and "Determining the molecular weight of polystyrene through ellipsometry of spin casted thin polymer films,” internal laboratory protocol and write-

up instructions, 2026.

A(V) = ~log,,[T(V)] = €(V)c'l.
FTIR

ySV = ySL + yLV-cos(6)

Contact Angle

[4] A. C. Wang, S. Z. Chen, E. Xie, M. Chang, A. Zhu, A. Hansen, J. Jerome, and M. Rafailovich, “Utilizing machine learning to model inter
of spin coated polystyrene thin films,” MRS Communications, vol. 14, pp. 230-236, 2024, doi: 10.1557/s43579-024-00527-6.

DSC Compression
Modeling
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5-20 mg sample placed in pan;
temperature ramped from 20°C
to 200°C

Sample of PS sandwiched in
metal; temperature set to 180°C;
2,000 psi, 3,000-5,000 Ibs of
load; compress PS pellets into
clear thin sheet; ran for 4 minutes

Spin Coating

Ellipsometry

3-4 drops of PS solution on each
silicon wafer; 2 wafers per
concentration; spun at 2500 rpm
for approx. 30 seconds

weight, solution concentration, and thickness

3 thickness measurements
collected for each concentration

of PS
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FTIR directs IR through sample;

records transmittance spectrum;
serves as chemical footprint

Contact Angle/UV
Ozone

PS thin film wafers placed in
UV/Ozone chamber; intervals of O,
1, 2, 3 minutes; 3 contact angles
collected for each data point



ickness vs. Solution Concentration (log-log)

Temperature (*C)

e )( ELLIPSOMETRY & THICKNESS ) (. FTIR & COMPRESSION )

Heat-flow trace shows a broad, e Because spin-coating physics predicts a power law. « Diagnostic peaks at 2938.6 cm™ (aliphatic C-H stretch),

continuous shift between 85- thickness o< concentration to some exponent, we 1605.5 & 1455.1 cm™ (aromatic ring stretch), 706.8 cm™
115 °C; the glass transition, plotted log-log with linear (mono-substituted benzene ring bend)
centered around 100 °C e log(t) = 1.121-logyo(C) + 0.648, R* = 0.992 — an ¢ The "comb" of three overtone bands at 1942.5 / 1871.6 /
No sharp melting peak excellent fit across the whole concentration range 1803.6 cm™* are the classic signature of a phenyl ring
anywhere infieEie s
scan; confirms the sample is
amorphous PS, not a i
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Molecular Weight in relation to thickness and concentration:
log(Ccrit) = 3.378 — 0.322log(MW)

where Ccrit is the concentration when the thickness is 300 nm.

¢ Known MW: 280k g/mol / o \ - P From thickness (T) - concentration (C) equation:
¢ Calculated: 265k + 55k g/mol log(T) = 1.121 log(C) + 0.6483
¢ Error Percentage: 5.36%
: When T = 300 nm, Ccrit = 42.8
We define Ccrit as the concentration that would produce a 300 nm (3000 A) film, a
standard reference thickness. None of our 6 samples actually reached 300:nm, so we Thus, molecular weight (MW):
extrapolated the fitted line to find it.
MW = 10(1.178 log(Ccrit) ) /0322 _ ]0(1178 log(42.8) ) /0.322
A pre-established calibration curve links Cerit to Mw. Compared to the manufacturer's = 265,000 g / mol
nominal value of 2.80 x 10° g/mol, only 5.0% deviation — just 0.24c off — well inside
our propagated error bars. This validates the whole method.

o Ccrit=42.8 +2.8 mg/mL.
¢ log(Ccrit) = 3.378 - 0.322-log;,(Mw).
e Mw =(2.66 * 0.55) x 10° g/mol.

[5] B. Ren, E. Krasnoff, D. Bhat, D. Bhattacharya, |. Chan, A. Kiran, and M. Rafailovich, “Investigating the impact of bidispersity on spin-coated polystyrene thin films using machine learning,” MRS Communications,
published online Apr. 6, 2026, doi: 10.1557/s43579-026-00956-5.



Water Contact Angle vs. UV/Ozone Treatment Duration

Wettability threshold (90)
-4~ PS-coated Si wafer, water contact angle
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Water Contact Angle (°)
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p‘ one Exposure Time (min)

[6] R. Kaizu, S. Tak

hashi, K. Hirose, K. Hatak
optimization,” Langmuir, vol. 41, no. 43, pp. 29098-29110, 2025, doi: 10.1021/acs.langmuir.5c03398.
[7] R. J. Klein, D. A. Fischer, and J. L. Lenhart, “Systematic oxidation of polystyrene by ultraviolet-ozone, characterized by near-edge X-ray absorption fine structure and contact angle,” Langmuir, vol. 24, no. 15, pp.
8187-8197, 2008, doi: 10.1021/1a800134u.

UV/ozone implants polar carbonyl and
hydroxyl groups into the phenyl rings, raising
surface energy and lowering contact angle via
Young’s equation

The biggest single-interval drop (28°) happens
between minutes 2 and 3; the effect
accelerates, it doesn't plateau

A quadratic fit captures this curve far better
(R%=0.999) than a straight line (R* = 0.982)
This differs from some literature reports of an
early plateau; possibly our UV/ozone source
was more intense

Clear negative correlation, uncertainty
relatively small, increased hydrophilicity

>

G. V. Latag, A. Nomura, H. Tahara, and T. Hayashi, “UV/ozone treatment of polymer surfaces to

cell adhesion: The hanism and guidelines for

Bare, cleaned native-oxide Si
wafer is typically 20-40°;
strongly hydrophilic, due to polar
Si-OH silanol groups

After 3 minutes of UV/ozone, our
PS surface (20°) matches or beats
that range; UV/ozone can make a
hydrocarbon polymer as wettable
as glass

This is exactly why UV/ozone
treatment is used to prep PS
labware for cell culture — better
wettability means better protein
adsorption and cell adhesion




ERROR PROPAGATIO

s =V[E(xi - X)?/(n - 1)].

8F(x,y)’ = (480" + (4-8y)

of = V[ Zi ( 6f/dxi )? - oxi? ].

Slog,upper = log10(x + s) — log10(x
élog,lower = log10(x) — log10(X - s).

Mean

= (3 sm)” + (-

General Errors Error Bars j (

Concentration Thickness j Molecular Weight

&
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Analytical balance: +0.1 mg %
Volumetric pipette: oV = 0.05 mL \Q\
Log-log regression: N\

o S = Ywi[log10(ti) - a-log10(Ci) - b]*

o wi = 1/clog(t),i®

o 9S/0a =0, 3S/db
DSC temperature calibration: £0.1-0.3 °C
FTIR wavenumber calibration: 0.48 cm™*
Contact angle goniometer: +1.0° (t = 1 min) to £3.8° (t = 0 min)

[8] Rudolph Technologies, AutoEL I11 A ic Ellij Datash [Online]. Available: Artisan Technology Group PDF copy.

[9] Greenwell, M. Brandon, and Christine M. Schubert Kabban. "investr: An R Package for Inverse Estimation." The R Journal, vol. 6, no. 1,

2014, pp. 90-100. doi: 10.32614/RJ-2014-009.

Division Average/SD Derivative; error in
concentration; log-log

i 0 < g

Concentration (mg/mL) Standard Deviation Error (nm)

15.00 0.197
25.70 0.469




SOURCES OF ERROR
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Potential errors
1.Human inconsistencies and manual placement
2.Beam-misalignment and equipment faults
3.Ambient temperature and humidity fluctuations
4.Minor lot-to-lot polydispersity in PS standard
5.C0O, (2337 cm™) and H,O (3200-3600 cm™) bands in FTIR

Error propagation conclusions
e Very small relative error in concentration and thickness,
strong log-log linear relationship
e Larger uncertainty in- final molecular weight calculation,
though our data is accurate

Because our data is largely accurate and precise, we find that
spin coating and ellipsometry is accurate and effective in
determining the molecular weight of a polymer. \




DISCUSSION & CONCLUSIO

Implications Future work

¢ Spin-cast ellipsometry gave an Mw estimate within 5% of the ¢ Extend UV/ozone exposure past 3 minutes to find the
certified reference value, a fast, low-cost method validated plateau
against a known standard ¢ Log spin-coating humidity and temperature to test the

e DSC and FTIR independently confirmed sample identity before Meyerhofer thinning model directly
we trusted the Mw number e Apply this exact workflow to an unknown or recycled PS

¢ Full error propagation traced uncertainty from the balance and sample as a real-world recycling quality control test
pipette all the way through the log-log regression to the final
Mw, dominant error source was the calibration curve's C Cheaper alternativej ( Fast and standardized )
amplification factor (3x)

¢ UV/ozone treatment demonstrated a controllable, fast way to
tune PS surface wettability C Real-world use ) C Backed by models )
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THANK YOU!
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ABSTRACT: Hands-on learning s a staple in high school science

education, as it provides students with a fast-learning curve and a
great degree of field competency. However, due to the safety risks
associated with high school students in university chemistry
Isboratory settings, high school students rarely engage in uthentic
hands-on chemical lear To bridge the gap between the
benefits and drawbacks, this study investigates 2 method to educate
high school students (with no previous experience) about standard
chemical Liboratory practices. 98 high school students exper
mented throughout 2 days to determine the molecular weights and
characteristics of various polystyrene samples, essential knowledge
for polymer recycling. Students were split into S groups so that
laboratory usage be organized and staggered. After Liboratory
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