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Figure S1a.  Elemental mapping of BW7Ag1 nanocomposite. 
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Figure S1b.  Elemental mapping of BW7Ag3 nanocomposite. 
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Figure S1c.  Elemental mapping of BW5Ag1 nanocomposite. 
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Figure S1d.  Elemental mapping of BW5Ag3 nanocomposite. 
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Figure S2. The XPS survey spectra of BW7 and BW5 nanomaterials synthesized at different 

temperature and time conditions. 
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Figure S3a. Comparison of C to Ag weight ratio for BW7 and BW5 nanomaterials dependent on 

synthesis (a) temperature and (b) time at 80 °C. 
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Figure S3b. Comparison of C to O weight ratio for BW7 and BW5 nanomaterials dependent on 

synthesis (a) temperature and (b) time at 80 oC. 

 

 

20 30 40 50 60 70 80
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

 

 

R
a

ti
o

 o
f 
w

e
ig

h
t 
p

e
rc

e
n

t 
(A

g
/O

)

Temperature (
o
C)

 BW7
 BW5

a

0 20 40 60 80 100 120
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

 

 

 
R

a
ti
o
 o

f 
w

e
ig

h
t 
p
e

rc
e
n

t 
(A

g
/O

)

Time (min)

 BW7
 BW5

b

 
 

Figure S3c. Comparison of Ag to O weight ratio for BW7 and BW5 nanomaterials dependent on 

synthesis (a) temperature and (b) time at 80 °C. 

 



 

 

 
Figure S4. Comparison of elementary weight composition resulting from EDXRF and XPS spectra 

of nanomaterials synthesized at different temperatures and times using brewery wastes (a, c) BW7 

and (b, d) BW5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 20 30 40 50 60 70 80 90

0

25

50

75

100
W

t.
 %

Temperature ( oC)

EDXRF  Ag

              P

              Cl

              S

XPS       Ag

              P

              Cl

              S

 a

BW7

Synthesis time 120 min.

 

 

10 20 30 40 50 60 70 80 90

0

25

50

75

100

W
t.

 %

Temperature ( oC)

b

BW5 

Synthesis time 120 min.

 

 

0 20 40 60 80 100 120

0

25

50

75

100

W
t.
 %

Time (min.)

 c

BW7 

Synthesis at 80C

 

0 20 40 60 80 100 120

0

25

50

75

100

W
t.

 %

Time (min.)

d

BW5 

Synthesis at 80 C

 

 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

385 380 375 370 365 360 355

1000

2000

Ag2O

AgO

AgOH

25oC

120 min

 

 
In

te
n

s
it
y
 (

a
.u

.)

BE (eV)

BW7

Ag3PO4

AgCl

Ag 3d

AgO-

polymer

385 380 375 370 365 360 355

1000

2000

 

 

Ag 3d
Ag3PO4

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW7

AgCl

AgO-

polymer

50oC

120 min

385 380 375 370 365 360 355
1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

 

 

Ag 3d
Ag3PO4

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW7

AgCl

Ag-

polymer

80oC

120 min

385 380 375 370 365 360 355

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

13000

80oC

30 min

 

 

Ag 3d
Ag3PO4

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW7

AgCl

AgO-

polymer

385 380 375 370 365 360 355

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

80oC

10 min

 

 

Ag 3d
Ag3PO4

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW7

AgCl

AgO-

polymer



 

 

 

  
 

 

 

 

Figure S5a. The XPS Ag 3d5/2-3/2 spectra recorded from BW7 and BW5 nanomaterials synthesized 

at different temperature and time conditions fitted using Gaussian-Lorentzian asymmetric functions 

to different atomic chemical states.  

 

 

 

 

 

 

 

 

 

 

 

 

 

385 380 375 370 365 360 355
1000

2000

3000

4000

5000

6000

7000

8000

9000

 

 

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW5

AgCl

AgO

Ag2O

AgOH

Ag 3d

Ag3PO4

AgO-

polymer

25oC

120 min

385 380 375 370 365 360 355
1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

 

 

Ag 3d

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW5

AgCl

AgO-

polymer

AgO

Ag2O

AgOH

50oC

120 min

385 380 375 370 365 360 355
1000

2000

3000

4000

5000

6000

7000

 

 

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW5

AgCl

AgO

Ag2O

AgOH

Ag 3d

Ag3PO4

AgO-

polymer

80oC

120 min

385 380 375 370 365 360 355

2000

3000

4000

80oC

30 min

 

 

Ag 3d

Ag3PO4

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW5

AgCl

AgO

Ag2O

AgOH

AgO-

polymer

385 380 375 370 365 360 355

2000

3000

4000

5000

6000
80oC

10 min

 

 

Ag 3d

Ag3PO4

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

BW5

AgCl

AgO-

poymer



 

 

 

 
 

 

 

 

 

 

294 292 290 288 286 284 282 280
200

400

600

800

1000

1200

 

  

C=O

C-OH

C sp3

C sp2

25oC

120 minC 1s

BW7

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

294 292 290 288 286 284 282 280
200

400

600

800

1000

1200

C=O

C-OH

C sp3

C sp2

50oC

120 min

 

 

 

C 1s

BW7

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)

294 292 290 288 286 284 282 280
200

300

400

500

600

700

800

900

C-OH

C sp3

C sp2

80oC

120 min
C 1s

BW7

 

  
In

te
n
s
it
y
 (

a
.u

.)

BE (eV)

294 292 290 288 286 284 282 280

300

400

500

600

700

800

900

1000

C-OH

C sp3

C sp2

80oC

30 minC 1s

BW7

 

 

 
In

te
n
s
it
y
 (

a
.u

.)

BE (eV)

294 292 290 288 286 284 282 280
200

300

400

500

600

700

800

900

C-OH

C sp3

C sp2

80oC

10 minC 1s

BW7

 

 

 

 

In
te

n
s
it
y
 (

a
.u

.)

BE (eV)



 

 

 

 
 

 

 

Figure S5b. The XPS C 1s spectra recorded from BW7 and BW5 nanomaterials synthesized at 

different temperature and time conditions fitted using Gaussian-Lorentzian asymmetric functions to 

different atomic chemical states.  
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Figure S5c. The XPS O 1s spectra recorded from BW7 and BW5 nanomaterials synthesized at 

different temperature and time conditions fitted using Gaussian-Lorentzian asymmetric functions to 

different atomic chemical states.  
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Figure S6. Comparison of weight and normalized phase content resulting from XRD and XPS 

spectra, respectively, in nanomaterials synthesized at different temperatures and time using brewery 

wastes (a, c) BW7 and (b, d) BW5. 
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Figure S7a. Results of Ag 3d5/2/3-2 spectra analysis using QUASES-Analyze software and Buried 

Layer (BL) model for BW7 nanomaterials at different synthesis temperatures and times at 80 °C. 
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Figure S7b. Results of Ag 3d5/2/3-2 spectra analysis using QUASES-Analyze software and Buried 

Layer (BL) model for BW5 nanomaterials at different synthesis temperatures and times at 80 °C. 

 

 

 

 


