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Figure S1. Grading analysis of Spring 2025 Crystal Violet and Quantum Theory prelab and 
worksheet. Question topics are in Table S1.
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Figure S2. Cyclic OH--4 water clusters were optimized in this work at the B3LYP/6-
31G(d,p)/SMD level of theory. Isomers 4I-4IV were originally identified by Bankura and 
Chandra using MP2 or various DFT functionals using the 6-31+G(d) basis set (Chem. Phys.
2012, 400, 154-164).  Isomer 4II-up was not identified by Bankura and Chandra, however, it is 
the most stable of the cyclic clusters at the level of theory used in the crystal violet quantum 
experiment. The above cluster structures are illustrated with Jmol v 16.3.13. 
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The cartesian coordinates of these clusters are in the Cartesian-Coordinates file 
in the Supporting Information. 
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0.000000.000000.00000C

-0.610701.28500-0.34080N

-1.299602.040000.70560C

-2.381702.081500.53090H

-0.919703.065100.77050H

-1.125701.553701.66450H

-0.611201.72880-1.62720C

0.051301.00540-2.66290C

0.036101.45630-3.96530C

-0.609702.66670-4.34130C

-1.255703.38750-3.29880C

-1.273502.93700-1.99630C

-1.818103.50690-1.25400H

-1.800204.29410-3.54070H

-0.614603.13560-5.70940C

-0.613702.18440-6.79880C

0.018902.46650-8.04140C

0.032501.56130-9.08080C

-0.617000.29690-8.96260C

-1.267000.01030-7.72570C

-1.248900.91660-6.68740C

-1.784300.67150-5.77630H

-1.80360-0.92120-7.59660H

-0.61570-0.59820-9.98760N

-0.02830-0.24370-11.28000C

-0.508700.64320-11.70900H

-0.16540-1.07430-11.97100H

1.04620-0.04680-11.19100H

-1.28480-1.89120-9.84580C

-0.89080-2.44920-8.98990H

-1.10750-2.48070-10.74400H

-2.36810-1.77650-9.71680H

#
# cv-631Gss-b3-sp-smd
#
%pal
nproc 8

End
! B3LYP 6-31G(d,p) CPCM(Water)

% cpcm
smd true
smdsolvent "water"

End
* xyz 1 1
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0.561901.81710-9.99000H

0.552503.40320-8.16320H

-0.623204.55460-5.98780C

-1.268805.08960-7.13690C

-1.293106.44180-7.40280C

-0.640207.37210-6.54070C

0.022006.84440-5.39280C

0.013105.49190-5.12740C

0.555805.13030-4.26040H

0.557407.50520-4.72250H

-0.649408.70710-6.80300N

-1.277609.21870-8.02110C

-0.819108.78920-8.91920H

-1.1514010.30000-8.05700H

-2.351208.99900-8.04170H

0.015509.64570-5.89910C

-0.389309.57430-4.88370H

-0.1487010.66000-6.25930H

1.096709.46740-5.85470H

-1.833006.79390-8.27280H

-1.804104.42110-7.80270H

0.579100.89120-4.71540H

0.591600.09590-2.43150H

1.07500-0.00190-0.21290H

-0.46400-0.82440-0.55380H

-0.13540-0.184501.06480H

*
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