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Figure S1. Rietveld refinement plot of the a-Agz-2CuxOs solid solutions with: (a) x = 0.00, (b) x =
0.005, (c) x =0.01, (d) x=0.02, (e) x =0.04, (f) x=0.08, and (g) x =0.16.



Figure S2. Calculated geometries for a-Ag-WOsundoped (a), doped by one copper atom (b) and

doped by two copper atoms (c). The Cu, Ag, W, and O atoms are represented by blue, green,

purple, and red colors, respectively.



Intensity (a. u.)

——Ag 3d

—— Ag 3d5/2
——Ag 3d3/2
— Ag 3d5/2
—— Ag 3d3/2
Background
—— Envelope

(a) ——Ag 3d
——Ag 3d 5/2
——Ag 3d 3/2
——Ag 3d 52
——Ag3dan
—— Background

——Envelope

Intensity (a. u.)

(b)

L) T T T T T T T o T T T T T T T
380 378 376 374 372 370 368 366 364 380 378 376 374 372 370 368 366 364
Binding Energy (eV) Binding Energy (eV)
—Agad © ——Agad (d)
——Ag3d5e — Agad5i2
—Ag3dap —Ag3d3n
—— Ag3d5/2 —Ag3d5P2
—Ag3dae —Ag3d 32
—_ Background —~ Background
= Envelope 2 Envelope
& &
= =
5 @
c c
2 L
= =

T T T T T T T

T T T T T T T L b T X T L T ¥ T L T b T T T Ld
380 378 376 374 372 370 368 366 364 380 378 376 374 372 370 368 366 364
Binding Energy (eV) Binding Energy (eV)
——Agad (e) ——Ag 3d U]
——Ag 3d 5/2 ——Ag 3d 5/2
——Ag 3d 3/2 Ag 3d 3/2
——Ag 3d 5/2 ——Ag 3d 5/2
——Ag 3d 3/2 ——Ag 3d 3/2
—~ Background —_ Background
2 | ——Envelope = | —— Envelope
& &
oy &
£ £
c c
2 2
£ £

T T T T T T T T T T T T T T
380 378 376 374 372 370 368 366 364 380 378 376 374 372 370 368 366 364

Binding Energy (eV) Binding Energy (eV)

9

——Ag 3d
——Ag 3d 5/2
——Ag 3d 3/2
——Ag 3d 5/2
——Ag 3d 3/2
—— Background
Envelope

Intensity (a. u.)

T T T T T T T
380 378 376 374 372 370 368 366 364

Binding Energy (eV)

Figure S3. Core level spectrum of (a)-(g) Ag-34; (h)-(n) W-4f and (o)-(u) O-1s.
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Figure S3 (cont.). Core level spectrum of (a)-(g) Ag-3d; (h)-(n) W-4f and (0)-(u) O-1s.
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Figure S3 (cont.). Core level spectrum of (a)-(g) Ag-3d; (h)-(n) W-4f and (0)-(u) O-1s.

T T T T T T T T
537 536 535 534 533 532 531 530 529 528 527 526




Cu2p (a) —~Cu2p (b)
E e
s &
2 F—
@ ‘0
c [ =
e 2
= 1=
I,
T T T T T T T T T T T T T T
965 960 955 950 945 940 935 930 965 960 955 950 945 940 935 930
Binding Energy (eV) Binding Energy (eV)
—~Cu2p (c) Cu2p (d)
——Cu 2p3/2 —— Cu 2p3/2
Cu 2p3/2 ——~Cu 2pi/2
Cu 2p1/2 —— Cu2+ satellite
Cu2+ satellite —— Cu2+ satellite
-~ Cu2+ satellite — Background
3 Background > Envelope
& | ——Envelope &
= =
] ‘@
(= o
[ @
E h=
T T T T T T T T T T T T T T
965 960 955 950 945 940 935 930 965 960 955 950 945 940 935 930
Binding Energy (eV) Binding Energy (eV)
—Cu2p (e) ——Cu2p )
—Cu 2p3/2 ——Cu 2p3/2
——Cu 2p1/2 Cu 2p1/2
—— Cu2+ satellite —— Cu2+ satellite
—— Cu2+ satellite —— Cu2+ satellite
~ |—— Cu2+ satellite ~ |——Background
= Background = Envelope
< Envelope S
= =
@ ‘@
= [
[ D
E =
T T T T T T T T T T T T T ;
965 960 955 950 945 940 935 930 965 960 955 950 945 940 935 930

Binding Energy (eV)

Binding Energy (eV)

Figure S4. Core level spectrum of Cu-2p of the a-Ag>2:CuxOs solid solutions with (a) x = 0.005;

(b) x =0.01; (c) x =0.02; (d) x = 0.04; (e) x = 0.08; and (f) x = 0.16.
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Figure S5. (A and B) Experimental and theoretical Raman-active modes and (C) Experimental
ATR-FTIR spectra of a-Agz2xCuxWOx for x: (a) 0.00, (b) 0.005, (c) 0.01, (d) 0.02, (e) 0.04, (f) 0.08 and

(g) 0.16.
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Tables

Table S1. Lattice parameters, unit cell volume and statistical parameters of quality

obtained by Rietveld refinements for the a-Ag22:CuxWOs (0 < x < 0.16) solid solutions.

Refined Lattice Parameters

_ _ Cell volume o . o o
formula a(A) b (A) . (A) (A3) RBragg (%) x2 (%) Rwp (%) Ry (%)

a-Ag22xCuxWO4
x=0.00 10.880(0)  12.027(3) 5.901(2) 772.22(7) 2.06 1.60 8.79 6.98
x=0.005 10.868(1)  12.029(2) 5.902(2) 771.63(2) 1.79 1.74 9.63 7.72
x=0.01 10.863(8) 12.026(5)  5.899(8) 770.84(5) 1.93 1.67 9.31 7.22
x=0.02 10.862(4) 12.025(7)  5.902(2) 771.00(5) 225 1.98 10.30 8.10
x=0.04 10.865(1) 12.027(6)  5.897(0) 770.63(6) 211 1.66 9.47 7.25
x=0.08 10.853(6)  12.030(0) 5.899(4) 770.29(1) 2.98 1.45 8.12 6.49
x=0.16 10.881(0) 12.027(4) 5.890(8) 770.93(9) 2.50 1.43 7.68 6.01
ICSDN°4165  10.89(2) 12.032)  5.92(2) 775.56 - - - -

Table S2. Atomic positions of the a-Agz2-CuxOs solid solutions with x = 0.00 and 0.005.

a-Ag22:CuxOs solid solutions

x=0.00 x=0.005
Atoms
Wycko Occupancy Wyckoff Occupanc
X y ff Sites (%) X y g Sites 'y (%)

W1 0.2577(5) -0.0033(1) 0.5170(5) 4c 100 0.2564(1) -0.0024(8)  0.5179(5) 4c 100
w2 0.000  0.8441(8)  0.500 2b 100 0.000 0.8450(1) 0.500 2b 100
w3 0.000  0.1346(8)  0.500 2b 100 0.000 0.1355(1) 0.500 2b 100
Agl 07518(7) 0.1713(1) 0.9912(3) 4c 100 0.7557(6) 0.1737(1) 0.992000)  4c 100
Ag2 0.2358(7) 0.8178(1) 0.0127(3) 4c 100 0.2397(6)  0.8202(1)  0.0135(0) 4c 100
Ag3 0.000  0.9874(1)  0.000 2a 100 0.000 0.9898(1) 0.000 2a 100
Ag4 0.000  0.6533(1)  0.000 2a 100 0.000 0.6557(1) 0.000 2a 100
Ag5  0.000 0.3150(1)  0.000 2a 100 0.000 0.3174(1) 0.000 2a 100
Ag6  0.000  0.5094(1) 0.500 2b 100 0.000 0.5118(1) 0.500 2b 100
01 0.3698(2) 0.6150(8) 0.1795(1) 4c 100 0.3686(1) 0.6073(7) 0.1917(1) 4c 100
02 0.3698(2) 0.3810(8) 0.1725(1) 4c 100 03686(1) 0.3733(7) 0.1847(1)  4c 100
03 0.4208(2) 0.7380(8) 0.7995(1) 4c 100 0.4196(1)  0.7303(7)  0.8117(1) 4c 100
04  04268(2) 0.2660(8) 0.7765(1) 4c 100 0.4256(1) 0.2583(7) 07887(1)  4c 100
05 0.1638(2) 0.4970(8) 0.2665(1) 4c 100 0.1626(1) 0.4893(7) 0.2787(1)  4c 100
06 0.4158(2) 0.4990(8) 0.8315(1) 4c 100 0.4146(1) 0.4913(7)  0.8437(1) 4c 100
07 0.1908(2) 0.6150(8) 0.8415(1) 4c 100 0.1896(1)  0.6073(7)  0.8537(1) 4c 100
08 0.1948(2) 0.3820(8) 0.88450(1) 4c 100 0.1936(1) 0.3743(7) 0.8967(1)  4c 100
Cul - - - - - - - - -
Cu2 - - - - - - - - -
Cu3 - - - - - - - - -
Cu4 - - - - - - - - -
Cub - - - - - - - - -

Cu6 - - - - - - - - -




Table S3. Atomic positions of the a-Agz2CuxOs solid solutions with x = 0.01 and 0.02.

a-Agr2:CuxOas solid solutions

x=0.01 x=0.02
Atoms
Wycko Occupancy Wyckoff Occupanc
X y ff Sites (%) X y £ Sites  y (%)

W1 0.2564(8) -0.0031(5) 0.5177(9) 4c 100 0.2540(0) 0.000 0.5255(0) 4c 100
w2 0.000  0.8443(4) 0.500 2b 100 0.000 0.8475(0) 0.500 2b 100
w3 0.000  0.1348(4) 0.500 2b 100 0.000 0.1380(0) 0.500 2b 100
Agl 0.7559(4) 0.1744(7) 0.9899(3) 4c 100 0.7509(0)  0.1711(0)  0.9877(0) 4c 100
Ag2 02399(4) 0.8209(7) 0.0114(3) 4c 100 0.2349(0) 0.8176(0) 0.0092(0)  4c 100
Ag3 0.000  0.9905(7)  0.000 2a 100 0.000 0.9872(0) 0.000 2a 100
Ag4  0.000 0.6564(7)  0.000 2a 100 0.000 0.6531(0) 0.000 2a 100
Ag5  0.000 0.3181(7)  0.000 2a 100 0.000 0.3148(0) 0.000 2a 100
Ag6 0.000  0.5125(7)  0.500 2b 100 0.000 0.5092(0) 0.500 2b 100
01 03701(0) 0.5998(7) 0.1864(4) 4c 100 03680(0) 0.6120(00) 0.1950(0) 4c 100
02 0.3701(0) 0.3658(7) 0.1794(4) 4c 100 0.3717(0)  0.3780(0)  0.1880(0) 4c 100
03 04211(0) 0.7228(7) 0.8064(4) 4c 100 0.4227(0)  0.7350(0)  0.8150(0) 4c 100
04 04271(0) 0.2508(7) 0.7834(4) 4c 100 04287(0) 0.2630(00) 0.792000) 4c 100
05 0.1641(0) 0.4818(7) 0.2734(4) 4c 100 0.1657(0)  0.4940(0)  0.2820(0) 4c 100
06  0.4161(0) 0.4838(7) 0.8384(4) 4c 100 0.4177(0)  0.4960(0)  0.8470(0) 4c 100
07 0.1911(0) 0.5998(7) 0.8484(4) 4c 100 0.1927(0) 0.612000) 0.8570(0)  4c 100
08 0.1951(0) 0.3668(7) 0.8914(4) 4c 100 0.1967(0) 0.3790(0) 0.900000)  4c 100
Cul - - - - - - - - -
Cu2 - - - - - - - - -
Cu3 - - - - - - - - -
Cu4 - - - - - - - - -
Cub - - - - - - - - -

Cub - - - - - - - - -




Table S4. Atomic positions of the a-Agz2xCuxOs solid solutions with x = 0.04 and 0.08.

a-Agr-2:CuxOas solid solutions

x=0.04 x=0.08
Atoms
x y 2 Wycko Occupancy X y 2 Wyckoff Occupanc
ff Sites (%) Sites y (%)

W1 0.2577(8) -0.0019(0) 0.5192(6) 4c 100 0.2599(0) -0.0032(9)  0.5274(5) 4c 100

w2 0.000  0.8455(9)  0.500 2b 100 0.000 0.8442(0) 0.500 2b 100

w3 0.000  0.1360(9)  0.500 2b 100 0.000 0.1347(0) 0.500 2b 100

Agl 0.7519(6) 0.1732(0) 0.9917(5) 4c 100 0.7551(4) 0.1752(5)  0.9922(8) 4c 84.01
Ag2 02359(6) 0.8197(0) 0.0132(5) 4c 100 02391(4) 0.8217(5) 0.0137(8) 4c 100

Ag3 0.000  0.9893(0)  0.000 2a 100 0.000 0.9913(5) 0.000 2a 100

Ag4 0.000  0.6552(0)  0.000 2a 100 0.000 0.6572(5) 0.000 2a 100

Ag5 0.000  0.3169(0)  0.000 2a 100 0.000 0.3189(5) 0.000 2a 100

Agb6 0.000  0.5113(0)  0.500 2b 100 0.000 0.5133(5) 0.500 2b 100

01 03717(7) 0.6016(5) 0.1770(5) 4c 100 03735(3) 0.6031(1) 0.1854(4)  4c 100

02 03717(7) 0.3676(5) 0.1700(5) 4c 100 03735(3) 0.3691(1) 0.1784(4)  4c 100

03 04227(7) 0.7246(5) 0.7970(5) 4c 100 04245(3) 0.7261(1) 0.8054(4) 4c 100

04 04287(7) 0.2526(5) 0.7740(5) 4c 100 04305(3) 0.2541(1) 0.7824(4) 4c 100

05 0.1657(7) 0.4836(5) 0.2640(5) 4c 100  0.1675(3) 0.4851(1) 02724(4)  4c 100

06 04177(7) 0.4856(5) 0.8290(5) 4c 100  04195(3) 0.4871(1) 0.8374(4) 4c 100

07 0.1927(7) 0.6016(5) 0.8390(5) 4c 100 0.1945(3) 0.6031(1) 0.8474(4)  4c 100

08 0.1967(7) 0.3686(5) 0.8820(5) 4c 100  0.1985(3) 0.3701(1) 0.8904(4)  4c 100
Cul - - - - - 0.7509(0) 0.1711(0) 0.9877(0)  4c 8.0
Cu2 - - - - - 0.2349(0) 0.8176(0)  0.0092(0)  4c 0.0
Cu3 - - - - - 0.000 0.9872(0) 0.000 2a 0.0
Cu4 - - - - - 0.000 0.6531(0) 0.000 2a 0.0
Cu5 - - - - - 0.000 0.3148(0) 0.000 2a 0.0
Cub - - - - - 0.000 0.5092(0) 0.500 2b 0.0

Table S5. Atomic positions of the a-Ag222CuxOs solid solutions with x = 0.16.

a-Agr2CuxWOs solid solutions

Atoms x=0.16
X y z Wyckoff Sites Occupancy (%)
wi 0.2593(2) -0.0045(2) 0.5202(5) 4c 100
w2 0.000 0.8429(7) 0.500 2b 100
w3 0.000 0.1334(7) 0.500 2b 100
Agl 0.7542(9) 0.1760(1) 0.9926(1) 4c 73.82
Ag2 0.2382(9) 0.8225(1) 0.0141(1) 4c 100
Ag3 0.000 0.9921(1) 0.000 2a 94.24
Ag4 0.000 0.6580(1) 0.000 2a 100
Ag5 0.000 0.3197(1) 0.000 2a 100
Agb 0.000 0.5141(1) 0.500 2b 100
01 0.3704(8) 0.5952(7) 0.1856(0) 4c 100
02 0.3704(8) 0.3612(7) 0.1786(0) 4c 100
03 0.4214(8) 0.7182(7) 0.8056(0) 4c 100
04 0.4274(8) 0.2462(7) 0.7826(0) 4c 100
05 0.1644(8) 0.4772(7) 0.2726(0) 4c 100
06 0.4164(8) 0.4792(7) 0.8376(0) 4c 100
07 0.1914(8) 0.5952(7) 0.8476(0) 4c 100
08 0.1954(8) 0.3622(7) 0.8906(0) 4c 100
Cul 0.7509(0) 0.1711(0) 0.9877(0) 4c 13.09
Cu2 0.2349(0) 0.8176(0) 0.0092(0) 4c 0.0
Cu3 0.000 0.9872(0) 0.000 2a 2.88
Cu4 0.000 0.6531(0) 0.000 2a 0.0
Cu5 0.000 0.3148(0) 0.000 2a 0.0

Cub 0.000 0.5092(0) 0.500 2b 0.0




Table S6. Values of peaks ratios in At% between C, Ag, W, O, and Cu for typical XPS survey

spectra of a-Agz2CuxWOs (0 < x < 0.16) solid solutions.

a-Agr2CuWOs

solid solutions C-1s Ag-3d W-4d O-1s Cu-2p
x=0.00 67.46 7.35 1.23 23.95 -

x =0.005 63.41 7.42 1.89 27.28 -
x=0.01 49.83 13.21 3.87 33.09 -
x=0.02 56.75 9.73 3.56 29.42 0.55
x=0.04 48.93 15.46 3.12 31.95 0.54
x=0.08 58.09 6.88 4.57 30.16 0.30
x=0.16 60.69 5.01 2.56 31.55 0.20

Table S7. FWHM values, intensities, and positions of the Raman peaks of a-Ag22Cu<WO4 (0 < x

<0.16) solid solutions.

a-Agr2:CuxWOs solid . Positions
solutions FWHM Intensities 20 ©)
x=0.00 19.148 0.850 879.60
x=0.005 16.598 0.891 879.65
x=0.01 21.844 0.863 878.82
x=0.02 16.687 0.902 879.41
x=0.04 16.911 0.875 879.68
x=0.08 18.171 0.840 879.76

x=0.16 17.791 0.939 880.01




