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Change in thickness and refractive index measurements of films of Compounds B (2.82% sulfur) and
B' (6.67% sulfur) films after immersion in 50 ppm ionic solutions

50 ppm solutions

Athickness*“” (nm)

Arefractive index®"*

Compound B Compound B' Compound B Compound B'
H,0 -6.5+0.6 -6.1+0.4 -0.024 £ 0.002 -0.007 £ 0.001
Cdcy, -3.8+0.5 279+ 0.3 -0.025 £ 0.000 -0.005 £ 0.002
Co(CH;CO,), 9.2+ 0.6 * -18.2+ 0.1 * -0.030 +0.003 -0.016 +0.005
Pb(CH;CO,), -1.8+ 0.9 -11.5+ 0.3 * -0.022 +0.002 -0.015 +£0.002
PbN,O, -5.6+0.3 -8.7+0.5 -0.023 £ 0.002 -0.007 £ 0.001
HgN,Oq 4.6+0.6* 9.7+1.6% 0.000 + 0.001 *  0.029 + 0.001 *
NiSO, 0.1+1.2% -6.21 0.5 -0.032+£0.002 *  -0.022 +0.000 *
As,O, -4.5+0.1 -6.8% 0.6 -0.024 £ 0.000 -0.005 £ 0.001 *
CrCl, 1.9+ 0.3 % 1.8+ 1.1 % -0.011 £0.001 *  -0.010 £ 0.006
Cr(NO;), 1.3+0.6%* -3.6+ 1.0 -0.015 £ 0.002 -0.009 £ 0.001
Na,HPO,  -10.8+ 0.7 -19.5+ 0.7 * -0.030 £ 0.004 -0.018 £ 0.003 *
Cro, 3.6+0.3% 2.8+ 0.6 % 0.002 + 0.000 *  0.023 + 0.001 *
CH,COONa 92409 -152+ 0.5 * -0.030 £ 0.002 *  -0.017 % 0.002
NaCl -0.8+0.9 -7.7+0.2 -0.011 £0.008 -0.008 +0.002
NaNO, -0.2+ 1.0 -6.5+0.3 -0.015 % 0.001 *  -0.007 + 0.001
Na,SO, 0.3+0.5% 4.5+ 3.2% -0.018 +£0.003 -0.007 +0.004

“ Values in bold type denote statistically significant changes between the two samples sets (2.82% S
and 6.67% S) for the same 50 ppm analyte solution, as determined by r-tests (95% confidence

interval).

’ Values followed by an asterisk (¥) are statistically significant changes between films exposed to 50
ppm ionic solution and films of the same sample set exposed to pure water, as determined by -tests
(95% confidence interval).

“ Thickness and refractive index data measured using the ellipsometer. Error is reported as the
standard error of the mean from three independent replicate measurements.



Changes in thickness measurements after immersion of all film systems in 50 ppm ionic solutions

Athickness (nm)

50 ppm

solutions chitosan Compound A Compound B Compound B' Compound C Compound D
HO -14+13 -13.0+0.4 -6.5+0.6 -6.1£0.4 -11.1+0.1 -1.5+0.5

CdCl, -0.0+0.8 9.8 +0.4 -3.8+0.5 -7.9+0.3 -13.3+1.3 -0.6+£0.9
Co(CH,CO,), -35%1.1 -10.3£0.2 9.240.6 -18.2£0.1 -14.1£0.8 -4.9+0.5
Pb(CH;CO,), -3.6%1.1 -10.4£0.2 -1.94+0.9 -11.5£0.3 -142£0.6 3.6%1.2
Pb(NO;), -0.2+1.0 -10.9+0.2 -5.6+0.3 -8.7+0.5 -120+0.6 -3.5+0.2
Hg(NO;), 225+24 -1.6+0.5 4.6 +0.6 9.7+1.6 -1.2+0.2 10.1 £0.5
NiSO, -6.4+0.5 0.8+1.2 02+1.2 -6.2+0.5 -7.1£0.9 5.4+1.5
As, O, -2.6%0.5 0.6 £0.6 -4.5+0.1 -6.8 0.6 -8.2+0.8 2.9+0.5

CrCl;  9.4+0.6 -79+1.3 1.9+0.3 -1.8+1.1 -5.4+0.8 0.6+ 1.0
Cr(NO;);  12.6+2.2 0.5+0.4 1.3£0.6 -3.6+1.0 -3.9+0.5 2.8+0.4
Na,HPO, -4.6+0.9 -13.3+0.7 -10.8+0.7  -19.5+0.7 -11.0+0.6 -7.4+0.9
CrO;, 17.2+0.7 3.4+0.8 3.6+0.3 -2.8+0.6 2.5+0.7 4.6+0.2
CH,COONa -49+24 -11.0+0.5 -9.2+0.9 -15.2+0.5 143+ 1.7 -4.8+0.6
NaCl -4.0+1.5 -7.9+0.9 -0.8+1.9 -7.7+0.2 -12.3+0.7 2.4+0.5
NaNO, -3.1+1.6 -3.3+0.3 -02+1.0 -6.5+0.3 -11.0+0.9 -3.6+0.5
Na,SO, -65+1.2 -5.6+0.2 0.3%£0.5 -45+32 -8.7+0.5 -3.3+0.9




Changes in refractive index measurements after immersion of all film systems in 50 ppm ionic solutions

Arefractive index (at 589.3 nm)

50 ppm

solutions chitosan Compound A Compound B Compound B' Compound C  Compound D
H,O -0.004+0.003 -0.006 £ 0.001 -0.024 £ 0.002 -0.007 £0.001 -0.006 £ 0.003 -0.007 £0.001

CdCl, -0.002+0.001 -0.006 £ 0.002 -0.025 £ 0.000 -0.005 £ 0.002 0.001 £0.002 -0.010 £ 0.003
Co(CH,CO,), -0.001%0.001 -0.010 £ 0.001 -0.030 £0.003 -0.016 £ 0.005 -0.003 £ 0.003 -0.006 £ 0.002
Pb(CH,CO,), -0.002+0.004 -0.012+£0.001 -0.022 £ 0.002 -0.015 £0.002 -0.002 £ 0.002 -0.003 £0.001
Pb(NO,), -0.002+0.001 -0.008 £ 0.003 -0.023 £0.002 -0.007 £0.001 -0.002 +0.001 -0.005 £ 0.001

Hg(NO;), 0.017+£0.000 0.021 £0.005 0.000 £ 0.001 0.029 £0.001 0.025 £ 0.001 0.014 £0.001
NiSO, 0.013+0.003 -0.010 £0.001 -0.032 £0.002 -0.022 £ 0.000 -0.005 £ 0.001 0.015 £0.003

As,O¢ -0.010 £0.005 0.005 +0.001 -0.024 +0.000 -0.005 £0.001 0.000 = 0.000 -0.006 £ 0.002

CrCl; 0.001+0.001 -0.004 £ 0.003 -0.011 £0.001 -0.010 £ 0.006 -0.001 £ 0.000 -0.001 £0.001
Cr(NO;); -0.005+0.002 -0.009 £ 0.001 -0.015 £0.002 -0.009 £ 0.001 -0.003 £0.001 -0.006 £ 0.001
Na,HPO, -0.003+0.001 -0.012 £0.002 -0.030 £ 0.004 -0.018 £0.003 -0.012+£0.001 -0.008 +0.002
CrO; 0.056 +0.002 0.076 £0.003 0.002 +0.000 0.023 £0.001 0.064 +0.002 -0.044 +0.000
CH,COONa 0.005%0.010 -0.012+£0.001 -0.030 £0.002 -0.017 £0.002 -0.007 £0.008 -0.009 £ 0.002
NaCl -0.001 +0.001 -0.004 £ 0.003 -0.011 £0.008 -0.008 £ 0.002 -0.003 £ 0.002 -0.004 +0.002

NaNQO,; -0.009+0.007 0.002 +£0.001 -0.015 £0.001 -0.007 £0.001 -0.005 £ 0.005 -0.005 £0.001
Na,SO, 0.007 £0.005 -0.008 +0.000 -0.018 £0.003 -0.007 £ 0.004 -0.006 £ 0.001 -0.005 £0.001




percent reflectance percent reflectance percent reflectance

percent reflectance

water

-
D N ® © O
o O O O O

50+

400 500 600 700 800

wavelength (nm)

T
300

cobalt(ll) acetate

—_
N WHE N OO
OOOO?OOOO

—_
o
1

[ =
o
o

1 1 1 1
400 500 600 700

wavelength (nm)

lead(ll) nitrate

-
N ® © O
o O O O
L1 1 1

——before

400 500 600 700 800

wavelength (nm)

1
300

nickel(ll) sulfate

—_
o
o

—— before

400 500 600 700 800

wavelength (nm)

1
300

chitosan

cadmium(ll) chloride

1004

©
o
1
5.

~
o
I
—eean,

percent reflectance

——before

1 1 1 T 1
400 500 600 700 800

wavelength (nm)

1
300

lead(ll) acetate

percent reflectance

400 500 600
wavelength (nm)

mercury(ll) nitrate

-

ezl

percent reflectance

1 1 1 T
400 500 600 700

wavelength (nm)

1
300

arsenic(lll) oxide

1004

percent reflectance

—— before

400 500 600 700 800

wavelength (nm)

1
300



percent reflectance percent reflectance percent reflectance

percent reflectance

chitosan

chromium(lll) chloride chromium(lll) nitrate
1004 — before —— before
90- o
80 e
704 £
60 %
50- =
404 c
30- 8
20- 3
10
C T T T T T 1 CI T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
disodium hydrogen phosphate chromium(VI) oxide
100
90 °
g0+ 2
704 3
60} =
50; £
404 ‘qE)
30- o
20 g
10
C 1 | 1 1 1 CI 1 1 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
sodium acetate sodium chloride
1004 —— before 100- —— before
¥
o 904!
2 s
?“:70-'
% 604
= 504
T 401
8 304
8 20
10-

0 T T T T T 1 0 T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
sodium nitrate sodium sulfate

100
g 90-
c 804
%70-
= 604
£ 50
‘QE) 404
O 304
8 204
10-
T T T T T 0 T T T T T
300 400 500 600 700 800 200 300 400 500 600 700 800

wavelength (nm) wavelength (nm)



percent reflectance percent reflectance percent reflectance

percent reflectance

water

Compound A

cadmium(ll) chloride

-
© o
o o
L1

a o N
o O O O
L1 1 1

100+

percent reflectance

——before

400 500 600
wavelength (nm)

1 1
700 800

cobalt(ll) acetate

T T T T
400 500 600 700

wavelength (nm)

T
300 800

lead(ll) acetate

1004

—— before

Y

percent reflectance

= —— before

400 500 600
wavelength (nm)

lead(ll) nitrate

1 1
700 800

1 1 1 1
400 500 600 700

wavelength (nm)

1
300

mercury(ll) nitrate

——before

percent reflectance
= N W s O DN © © 8
O O O O O O O O O o

0

——before

1
300

400 500 600
wavelength (nm)

nickel(ll) sulfate

1 T
700 200

1 1 1 T 1
400 500 600 700 800

wavelength (nm)

1
300

arsenic(lll) oxide

1004

— before 100+

percent reflectance

—— before

1
300

600
wavelength (nm)

1 1
400 500

700 200

1 1 1 1
400 500 600 700

wavelength (nm)

1
300



percent reflectance percent reflectance percent reflectance

percent reflectance

Compound A

chromium(lll) chloride

chromium(lll) nitrate

100- ——before 1004 — before
904 90-
80 8 god
g 80
704 S 70
60+ § 60-
504 o 504
404 = 404
304 530-
204 8 20-
10 10
O 1 1 1 1 1 C T T T T T 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
disodium hydrogen phosphate chromium(VI) oxide
—— before 100+ —— before
o 904
© 804
S 704
(6]
O 604
2 504
2 404
8 30-
2 20
0 10
0+ T T T T T 0 T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
sodium nitrate sodium chloride
100 ., —before 100 — before
90-
[0
Q 801
S 704
[}
O 604
2 504
2 404
8 30+
2 204
104
C T T T T T 1 C T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
sodium nitrate sodium sulfate
100
100+ —— before i —— before
3
e 7
©
©
Qo
T s
€
3
5 2,
o
C 1 1 1 1 1 1 C 1 1 1 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800

wavelength (nm)

wavelength (nm)



Compound B

cadmium(ll) chloride

water

O O O O O O O
N~ O WL T O AN

aoueloajal Juddiad

----- after

aouelo9jel usdlad

wavelength (nm)

wavelength (nm)

lead(ll) acetate

cobalt(ll) acetate

0

80

before
----- after
1
700

1
600

wavelength (nm)

1004

aoueloajal Juddiad

0

80

before
----- after
1
700

1
600

wavelength (nm)

200

1004

aoueloajal Juddiad

mercury(ll) nitrate

lead(ll) nitrate

o
S
@
=
£
© LS
' ~
H
H
H
\
" o
[ =
\ ©
'
H
j
o
-S
red
o
. -O
...... <
o
S
®
......... o
T S
O 00000000 ool
SO DNOLITO®AN -
aoueloajel usodlad
o
S
o @
S =
[
32 .
o® | S
' ~
H
H
H
H

O O O O O O O
O N~ O WL T O A

aoueloajes usodlad

1 1
500 600

1
400

wavelength (nm)

wavelength (nm)

arsenic(lll) oxide

nickel(ll) sulfate

0

before
--=== after

500 600 700 80

T
400

T
300

....... 0
o
Sooo0oo0o0oo0o o ol
O ™M~ O WO T O AN
aoueloajal  usolad
o
o
[0} [ee]
5 =
g8 .
o® | S
H ~
H
H
H
. o
\ S
N ©
H
H
H
3 o
! S
[Te}

100

O 0090090 oo ool
dD® K OLIFTO®N ~

aoueloajal Juddiad

wavelength (nm)

wavelength (nm)



percent reflectance percent reflectance percent reflectance

percent reflectance

Compound B

chromium(lll) chloride

chromium(lll) nitrate

100+ — before 1004 —before
[0
[}
C
I}
[}
2
°
€
[0
S
[
o
CI T T T T T C T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
disodium hydrogen phosphate chromium(VI) oxide
100 —— before
[0]
o
C
©
©
Q2
°
c
[0]
1<
[0]
o
CI 1 1 1 1 1 C 1 1 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
sodium acetate sodium chloride
—before
[0
[}
C
S
[}
2
°
€
[0
S
[
o
CI T T T T T CI T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
sodium nitrate sodium sulfate
100 100 ons — before
904 4NN 000000 e o 904 4 N 00000 e
80 Q 80~
70 S 704
(6]
60 D 604
50 Q504
4044t 2 404
so4li 8 304
4l N 2 20
104 } 10
CI . 1 1 1 1 1 C 1 1 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800

wavelength (nm)

wavelength (nm)



percent reflectance percent reflectance percent reflectance

percent reflectance

Compound B'

water cadmium(ll) chloride
1004 100 —— before
90 90
[0
80 S 80
704 S 70
[$]
60 2 60
504 2 50
404 £ 40
30- 8 30
20- 2 20
10- 10
C T T 1 1 1 CI 1 1 1 1 T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
cobalt(ll) acetate lead(ll) acetate
——before
[0]
o
C
©
©
2
°
€
[0]
o
[0]
o
0 1 1 1 1 1 1 1 1 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
lead(ll) nitrate mercury(ll) nitrate
100 —— before 100 —— before
90 904l /" A\ e
[0]
80 S 80
70 S 70
o
60 2 60
50 2 50
40 £ 40
30 8 30
20 2 20 y 2o il
10 104
CI 1 T 1 1 1 C 1 1 1 1 T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
wavelength (nm) wavelength (nm)
Ni(ll) sulfate arsenic(lll) oxide
——before
[0]
o
C
©
©
2
°
€
[0]
o
[0]
o
C 1 1 1 1 T T 1 1 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800

wavelength (nm) wavelength (nm)



percent reflectance percent reflectance percent reflectance

percent reflectance

100 —— before

100 —— before

Compound B'

chromium(lll) chloride

C T T T 1 1 1
200 300 400 500 600 700 800

wavelength (nm)

disodium hydrogen phosphate

—— before

200 300 400 500 600 700 800
wavelength (nm)

sodium acetate

= N
o o

C T 1 T 1 1 1
200 300 400 500 600 700 800

wavelength (nm)

sodium nitrate

—— before

200 300 400 500 600 700 800
wavelength (nm)

percent reflectance percent reflectance percent reflectance

percent reflectance

100 —— before

chromium(lll) nitrate

C T 1 1 1 1 T
200 300 400 500 600 700 800

wavelength (nm)

chromium(VI) oxide

—— before

200 300 400 500 600 700 800
wavelength (nm)

sodium chloride

200 300 400 500 600 700 800
wavelength (nm)

sodium sulfate

—— before

200 300 400 500 600 700 800
wavelength (nm)



percent reflectance percent reflectance

percent reflectance

Compound C

water

1004

1
300

400 500 600 700 800
wavelength (nm)

cobalt(ll) acetate

1004

—— before

1
300

400 500 600 700 800
wavelength (nm)

lead(ll) nitrate

400 500 600 700 800
wavelength (nm)

nickel(ll) sulfate

1004

—— before

n
o
o

percent reflectance percent reflectance

percent reflectance

percent reflectance

cadmium chloride

——before

400 500 600 700 800
wavelength (nm)

200 300

lead(ll) acetate

100+ —before

200 300 400 500 600 700 800
wavelength (nm)

mercury(ll) nitrate

——before

200 300 400 500 600 700 800
wavelength (nm)

arsenic(lll) oxide

—— before

200 300 400 500 600 700 800
wavelength (nm)



percent reflectance percent reflectance percent reflectance

percent reflectance

Compound C

chromium(lll) chloride

chromium(lll) nitrate

——before

100 —before 100
90494 4 N\ 0000000 e after 90+
[0
80 S 80~
70 S 704
[$]
60 2 60
50 2 504
40 2 404
30§ . 8 304
20 :: 22> L 201
104! 104
0 ; T T T T T 0
200 300 400 500 600 700 800
wavelength (nm)
disodium hydrogen phosphate
1009 ——before
9014 4/ v\ e after °
g0 | e
704 } g
M (6]
60 2
50f: = [
40-:1 b
30; ]
204 g
10+
0 1 1 1 1 1 0
200 300 400 500 600 700 800

wavelength (nm)

sodium acetate

——before

300 400 500 600 700 800
wavelength (nm)

sodium nitrate

1004

SRELTTTrr—

n
o
o

300 400 500 600 700 800
wavelength (nm)

percent reflectance

percent reflectance

200 300 400 500 600 700 800

wavelength (nm)

chromium(VI) oxide

—— before

200 300 400 500 600 700 800

wavelength (nm)

sodium chloride

——before

C T T 1 1 1 1
200 300 400 500 600 700 800

1004

wavelength

sodium sulfate

—— before

400 500 600 700 800
wavelength (nm)

o
o
w
o
o



percent reflectance percent reflectance percent reflectance

percent reflectance

water

Compound D

T
300

400 500 600
wavelength (nm)

cobalt(ll) acetate

—— before

CI 1 | 1 1 1
200 300 400 500 600 700 800
wavelength (nm)
lead(ll) nitrate
100
90-
80+
70+
60-
50+
40+
30+
20-
10
C T T T T T
200 300 400 500 600 700 800
wavelength (nm)
nickel(ll) sulfate
R ——before
N 0 e after
kY =
300 400 500 600 700 800

wavelength (nm)

percent reflectance percent reflectance percent reflectance

percent reflectance

cadmium(ll) chloride

——before

200 300 400 500 600 700 800
wavelength (nm)

lead(ll) acetate

—— before

200 300 400 500 600 700 800
wavelength (nm)

mercury(ll) nitrate

——before

o]

P
H -.l..- ’

i

T e

200 300 400 500 600 700 800
wavelength (nm)

arsenic(lll) oxide

—— before

-""m..-....___

200 300 400 500 600 700 800
wavelength (nm)



percent reflectance percent reflectance percent reflectance

percent reflectance

Compound D

chromium(lll) chloride

——before

0+
200

300 400 500 600 700 800
wavelength (nm)

disodium hydrogen phosphate

300 400 500 600 700 800
wavelength (nm)

sodium acetate

——before

300 400 500 600 700 800
wavelength (nm)

sodium nitrate

—— before

300 400 500 600 700 800
wavelength (nm)

percent reflectance percent reflectance percent reflectance

percent reflectance

chromium(lll) nitrate

——before

300 400 500 600 700 800
wavelength (nm)

chromium(VI) oxide

—— before

o~
P
Loy

300 400 500 600 700 800
wavelength (nm)

sodium chloride

1004

——before

300 400 500 600 700 800
wavelength (nm)

sodium sulfate

300 400 500 600 700 800
wavelength (nm)



	supplemental material.pdf
	chitosan.pdf
	Compound A.pdf
	Compound B.pdf
	Compound B'.pdf
	Compound C.pdf
	Compound D.pdf

