
ZrO2ZrO2

ZrO2 (99.9%, < 100 ppm HfO2) from Aldrich Co. Lot# 02310BV, analyzed at 90 deg TOA, mesh at 1 mm, non-conductive 
white powder pressed into 3 mm pellet, mp 2700 C, d 5.89, slightly sol in HCl

Peak ID Corrected 
BE (eV)

Measured 
BE (eV)

Scofield 
RSF

RSF 
Exponent

Normalized 
Peak Area Atomic %

Zr 4p 31.0 32.0 1.05 1.5 24,137

Zr 4s 53.5 54.5 0.37 1.5 9,952

Zr loss 71.1 72.1 0.00 1.5 1,739

Zr 3d 182.6 183.6 7.04 1.5 130,138 20.9%

Zr loss 197.2 198.2 0.00 1.5 23,850

Zr loss 209.9 210.9 0.00 1.5 4,906

Zr loss 226.5 227.5 0.00 1.5 12,909

C 1s 285.2 286.2 1.00 1.5 19,708 25.2%

Zr 3p3 333.1 334.1 5.14 1.5 74,274

Zr 3p1 346.8 347.8 2.64 1.5 50,940

Zr loss 360.5 361.5 0.00 1.5 8,457

Zr loss 374.2 375.2 0.00 1.5 4,738

Zr 3s 433.8 434.8 2.10 1.5 20,668

O 1s 530.6 531.6 2.93 1.5 87,815 54.0%

O loss 545.2 546.2 0.00 1.5 17,091

O loss 571.6 572.6 0.00 1.5 6,764

O KLL-1 976.3 977.3 0.70 1.5 19,912

O Auger 995.9 996.9 0.00 1.5 4,969

Description:
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Surface Composition Table
Zirconium (IV) Oxide   (FW = 123.22)
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Sample Description:  ZrO2 (99.9%) from Aldrich Lot# 02310BV (<100 ppm HfO2),
pressed into 3 mm pellet, analyzed at 35deg TOA, mesh-screen at 1 mm height

Counts

Binding Energy, (eV)
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O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2
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Survey
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
192 190 188 186 184 182 180 178 176 174
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Zr (3d5) & (3d3) Hi Res
Ag(3d5) FWHM=0.75eV

Zr in ZrO2
BE = 182.48 eV
FWHM = 1.20 eV

(3d5)

(3d3)

BE Difference = 2.38 eV

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  182.48 1.20 66431 90.0%  0.0% 22184.7 60.0%
B  184.86 1.19 44480 90.0%  0.0% 14789.8 40.0%

Peak-Fit Baseline:  187.38 to  179.30 eV
Reduced Chi-Square: 3.498
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

Zr (3d)
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
540 538 536 534 532 530 528 526 524 522
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O (1s) High Res
Ag(3d5) FWHM=0.75eV

O in ZrO2
BE = 530.42 eV
FWHM = 1.44 eV

adsorbed water

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

C

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  530.42 1.44 58354.8 90.0%  0.0% 23382.9 82.4%
B  531.92 1.49 8469.23 90.0%  0.0% 3516.2 12.4%
C  532.66 1.56 3418.9 90.0%  0.0% 1483.2  5.2%

Peak-Fit Baseline:  534.83 to  527.06 eV
Reduced Chi-Square: 1.992
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

O (1s)

(1s)
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
294 292 290 288 286 284 282 280 278 276
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C (1s) High Res
Ag(3d5) FWHM=0.75eV

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

C

D

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  285.00 1.36 11777.1 90.0%  0.0% 4471.86 68.0%
B  285.79 1.49 2820.76 90.0%  0.0% 1170.58 17.8%
C  287.27 1.60 755.702 90.0%  0.0% 337.073  5.1%
D  288.90 1.95 1098.19 90.0%  0.0% 597.46  9.1%

Peak-Fit Baseline:  292.67 to  279.73 eV
Reduced Chi-Square: 3.212
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

C (1s)

(1s)
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
0 -448121620
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Ag(3d5) FWHM=1.3eV

Bandwidth = 5.0 eV

<-- BE = 3.8 eV

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

CD

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A    4.32 1.68 2796.32 90.0%  0.0% 1307.61 19.7%
B    5.58 1.75 4394.58 90.0%  0.0% 2138.75 32.3%
C    6.96 1.56 3624.65 90.0%  0.0% 1581.35 23.9%
D    8.13 1.65 3471.61 90.0%  0.0% 1595.76 24.1%

Peak-Fit Baseline:   11.34 to    0.55 eV
Reduced Chi-Square: 1.476
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

Valence Bands
[Kr] 4d25s2
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
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C Auger

1,000 to 1,400 eV Range

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

1,000 – 1,400 eV

C Auger
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
356 352 348 344 340 336 332 328 324 320
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Zr (3p3) & (3p1) High Res
Ag(3d5) FWHM=0.75eV

(3p3)

(3p1)

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  330.03 2.76 2049.59 90.0%  0.0% 1575.19  7.3%
B  333.24 2.61 27685.5 90.0%  0.0% 20151.4 92.7%

Peak-Fit Baseline:  339.77 to  324.55 eV
Reduced Chi-Square: 6.149

© 2005 XPS International LLC

Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

Zr (3p)
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
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Zr in ZrO2
BE = 30.61 eV
FWHM = 2.2 eV

Zr (4p3) & (4p1)
Low Res

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A   30.61 2.20 31837.8 90.0%  0.0% 19526.3 66.7%
B   32.29 2.10 16677 90.0%  0.0% 9763.15 33.3%

Peak-Fit Baseline:   37.61 to   26.43 eV
Reduced Chi-Square: 3.456
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

Zr (4p)

O (2s)
Valence
Bands

(4p3)

(4p1)
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Sample Description:  ZrO2 (99.9%) Aldrich Lot# 02310BV, 3mm pellet
(<100 ppm HfO2), 35 deg TOA

Counts

Binding Energy, (eV)
192 190 188 186 184 182 180 178 176 174
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Zr (3d5) & (3d3) Higher Res
Ag(3d5) FWHM=0.64 eV

Zr in ZrO2
BE = 182.47 eV
FWHM = 1.11 eV

(3d5)

(3d3)

Peak ID Atomic % BE (eV)
O 1s 54.0%  531.55
C 1s 25.2%  286.20
Zr 3d 20.9%  183.56

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  182.47 1.11 30441.8 90.0%  0.0% 4716.15 59.7%
B  184.85 1.11 20543.2 90.0%  0.0% 3189.48 40.3%

Peak-Fit Baseline:  187.53 to  178.75 eV
Reduced Chi-Square: 2.712
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Zirconium (IV) Oxide   (FW = 123.22)

ZrO2ZrO2

Zr (3d) UR

BE Difference = 2.4 eV
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