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APPENDIX A 

 

The Joint Committee for Powder Diffraction Standards (JCPDS) [48] 

 

ZnO, JCPDS file number 00-005-0664 

Name and formula 

 

Reference code: 00-005-0664  

 

Mineral name: Zincite, syn  

Common name: zinc white  

PDF index name: Zinc Oxide  

 

Empirical formula: OZn 

Chemical formula: ZnO 

 

 

Crystallographic parameters 

 

Crystal system: Hexagonal  

Space group: P63mc  

Space group number: 186 

 

a (?):   3.2490  
b (?):   3.2490  

c (?):   5.2050  

Alpha (?):  90.0000  

Beta (?):  90.0000  

Gamma (?): 120.0000  

 

Calculated density (g/cm^3):   5.68  

Measured density (g/cm^3):   5.66  

Volume of cell (10^6 pm^3):  47.58  

Z:   2.00  

 

RIR:   4.50  
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Status, subfiles and quality 

 

Subfiles: Inorganic 

 Mineral 

 Alloy, metal or intermetalic 

 Common Phase 

 Forensic 

 NBS pattern 

Quality: Indexed (I) 
 

Comments 

 

Color: White  
General comments: Opaque mineral optical data on specimen from Sterling 

Hill, New Jersey, USA: R3R%=11.8, Disp.=Std., 
VHN100=190-219, Ref.: IMA Commission on Ore 

Microscopy QDF.  
Sample source: Sample from New Jersey Zinc Company, Sterling Hill, 

New Jersey, USA.  
Analysis: Spectroscopic analysis: <0.001% each of Mg, Si and Ca.  
Optical data: B=2.013, Q=2.029, Sign=+  
Melting point: 1670(10)ฐ   
Temperature: X-ray pattern at 26 C.  
 

References 

 

Primary reference: Swanson, Fuyat., Natl. Bur. Stand. (U.S.), Circ. 539, 2, 25, 

(1953) 
Optical data: Dana's System of Mineralogy, 7th Ed., 1, 504 

 

Peak list 

 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1    1    0    0      2.81600    31.751      71.0 

  2    0    0    2      2.60200    34.440      56.0 

  3    1    0    1      2.47600    36.252     100.0 

  4    1    0    2      1.91100    47.543      29.0 

  5    1    1    0      1.62600    56.555      40.0 

  6    1    0    3      1.47700    62.870      35.0 

  7    2    0    0      1.40700    66.388       6.0 

  8    1    1    2      1.37900    67.917      28.0 

  9    2    0    1      1.35900    69.057      14.0 



 

56 
 

 10    0    0    4      1.30100    72.610       3.0 

 11    2    0    2      1.23800    76.956       5.0 

 12    1    0    4      1.18120    81.405       3.0 

 13    2    0    3      1.09290    89.630      10.0 

 14    2    1    0      1.06390    92.777       4.0 

 15    2    1    1      1.04220    95.311      10.0 

 16    1    1    4      1.01580    98.632       5.0 

 17    2    1    2      0.98480   102.923       4.0 

 18    1    0    5      0.97640   104.169       7.0 

 19    2    0    4      0.95550   107.448       1.0 

 20    3    0    0      0.93820   110.378       4.0 

 21    2    1    3      0.90690   116.288      12.0 

 22    3    0    2      0.88260   121.562       6.0 

 23    0    0    6      0.86750   125.234       1.0 

 24    2    0    5      0.83690   133.975       6.0 

 25    1    0    6      0.82900   136.618       2.0 

 26    2    1    4      0.82370   138.511       2.0 
 27    2    2    0      0.81250   142.905       5.0 

    
    
Stick Pattern 
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TiO2, JCPDS file number 00-004-0477 

Name and formula 

 

Reference code: 00-004-0477  

 

Mineral name: Anatase, syn  

PDF index name: Titanium Oxide  

 

Empirical formula: O2Ti 

Chemical formula: TiO2  
 

 

Crystallographic parameters 

 

Crystal system: Tetragonal  

Space group: I41/amd  

Space group number: 141 

 

a (?):   3.7830  
b (?):   3.7830  

c (?):   9.5100  

Alpha (?):  90.0000  

Beta (?):  90.0000  

Gamma (?):  90.0000  

 

Calculated density (g/cm^3):   3.90  

Volume of cell (10^6 pm^3): 136.10  

Z:   4.00  

 

RIR: - 
 

 

Status, subfiles and quality 

 

Subfiles: Inorganic 

 Mineral 

Quality: Indexed (I) 
 

Comments 

 

 

References 
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Primary reference: Swanson, Tatge., Private Communication, (1950) 
Additional pattern: Parker., Z. Kristallogr., 59, 1, (1923) 
 

Peak list 

 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1    1    0    1      3.51000    25.354     100.0 

  2    1    0    3      2.43500    36.884       9.0 

  3    0    0    4      2.37900    37.785      22.0 

  4    1    1    2      2.33600    38.507       9.0 

  5    2    0    0      1.89100    48.077      33.0 

  6    1    0    5      1.69900    53.922      21.0 

  7    2    1    1      1.66500    55.116      19.0 

  8    2    1    3      1.49400    62.075       4.0 

  9    2    0    4      1.48000    62.728      13.0 

 10    1    1    6      1.36700    68.596       5.0 

 11    2    2    0      1.33700    70.359       5.0 

 12    2    1    5      1.26400    75.094      10.0 

 13    3    0    1      1.25000    76.084       3.0 

 14    3    0    3      1.17100    82.267       2.0 

 15    3    1    2      1.16090    83.140       3.0 

 16                     1.08690    90.261       3.0 

 17    3    2    1      1.04330    95.179       3.0 

 18    1    0    9      1.01730    98.436       2.0 

 19    3    1    6      0.95500   107.530       4.0 

 20    4    0    0      0.94610   109.014       3.0 

 21    3    2    5      0.91890   113.919       2.0 

 22    1    1   10      0.89600   118.568       3.0 

 23    2    2    8      0.88770   120.396       2.0 

 24    3    2    7      0.83110   135.896       1.0 

 25    4    1    5      0.82680   137.391       3.0 

 26    3    0    9      0.81000   143.974       1.0 

 27                     0.79900   149.193       3.0 

    
    
Stick Pattern 
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60 
 

TiO2, JCPDS file number 00-004-0551 

 

Name and formula 

 

Reference code: 00-004-0551  

 

Mineral name: Rutile  

PDF index name: Titanium Oxide  

 

Empirical formula: O2Ti 

Chemical formula: TiO2  
 

 

Crystallographic parameters 

 

Crystal system: Tetragonal  
Space group: P42/mnm  

Space group number: 136 

 

a (?):   4.5940  
b (?):   4.5940  

c (?):   2.9580  

Alpha (?):  90.0000  

Beta (?):  90.0000  

Gamma (?):  90.0000  

 

Calculated density (g/cm^3):   4.25  

Volume of cell (10^6 pm^3):  62.43  

 

RIR: - 
 

 

Status, subfiles and quality 

 

Subfiles: Inorganic 

 Mineral 

Quality: Indexed (I) 
 

Comments 

 

 

References 

 

Primary reference: Swanson, Tatge, JC Fel. Reports, NBS., Private 
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Communication, (1950) 
 

Peak list 

 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1    1    1    0      3.24500    27.464     100.0 

  2    1    0    1      2.48900    36.056      41.0 

  3    2    0    0      2.29700    39.188       7.0 

  4    1    1    1      2.18800    41.226      22.0 

  5    2    1    0      2.05400    44.052       9.0 

  6    2    1    1      1.68700    54.337      50.0 

  7    2    2    0      1.62400    56.631      16.0 

  8    0    0    2      1.48000    62.728       8.0 

  9    3    1    0      1.45300    64.030       6.0 

 10    3    0    1      1.36000    68.999      16.0 

 11    1    1    2      1.34700    69.761       7.0 

 12    3    1    1      1.30500    72.352       1.0 

 13    2    0    2      1.24300    76.590       3.0 

 14    2    1    2      1.20000    79.870       1.0 

 15    3    2    1      1.17000    82.352       4.0 

 16    4    0    0      1.14850    84.242       4.0 

 17    4    1    0      1.11400    87.494       1.0 

 18    2    2    2      1.09330    89.589       4.0 

 19    3    3    0      1.08270    90.708       4.0 

 20    4    1    1      1.04240    95.287       5.0 

 21    3    1    2      1.03610    96.054       4.0 

 22    4    2    0      1.02730    97.151       3.0 

 23    1    0    3      0.96420   106.050       2.0 

 24    4    0    2      0.90710   116.247       3.0 

 25    5    1    0      0.90070   117.569       3.0 

 26    2    1    3      0.88920   120.059       5.0 

 27    4    3    1      0.87730   122.812       6.0 

 28    3    3    2      0.87390   123.636       5.0 

 29    4    2    2      0.84370   131.847       5.0 

 30    3    0    3      0.82900   136.618       5.0 

 31    5    2    1      0.81960   140.052       8.0 

    
    
Stick Pattern 
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ZnTiO3, JCPDS file number 00-026-1500 

Name and formula 

 

Reference code: 00-026-1500  

 

Mineral name: Ecandrewsite, syn  

PDF index name: Zinc Titanium Oxide  

 

Empirical formula: O3TiZn 

Chemical formula: ZnTiO3  
Second chemical formula: ZnO . TiO2  
 

 

Crystallographic parameters 

 

Crystal system: Rhombohedral  

Space group: R-3  

Space group number: 148 

 

a (?):   5.0787  
b (?):   5.0787  

c (?):  13.9270  

Alpha (?):  90.0000  

Beta (?):  90.0000  

Gamma (?): 120.0000  

 

Calculated density (g/cm^3):   5.16  

Volume of cell (10^6 pm^3): 311.10  

Z:   6.00  

 

RIR:   2.50  

 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Mineral 

 Common Phase 

 NBS pattern 

Quality: Star (S) 
This is the quality mark distribution for 340,653 entries published in PDF-4+ Release 

2013. Quality is defined by the ability to produce an accurate powder pattern with 
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known and consistent chemistry, physical properties, and unit cell parameters. The 

ICDD does over 100 separate checks in its quality review. 
Star (S), Indexed (I), and Blank (B) marks are in decreasing order of quality. In these 

cases there is a unit cell and calculated d-spacings which can be compared to 

experimental d-spacings. Low precision data (O) tend to be historical in nature where d-

spacings and intensities were visually estimated resulting in low precision. Rietveld (R) 

quality marks result from Rietveld refinements where there is a strong agreement with 

the structure and powder patterns resulting in high quality. 

Calculated (C), Prototype (P) and Hypothetical Data (H) all result from calculation and do 

not have corresponding experimental data. The quality of these data are more difficult 

to ascertain. The user should be cautious using these data. 

 

 

Comments 

 

Color: Colorless  

General comments: Because of the presence of small amounts of TiO2  and 

Zn2TiO4  the intensities may have slight errors.  
Sample preparation: Prepared by heating an equimolar mixture of Zn ( NO3 )2  

and TiO2  (anatase) for two weeks at 900 C with 

remixings and reheatings.  
Additional pattern: To replace 25-671.  
Temperature: Pattern taken at 25 C.  
 

References 

 

Primary reference: Natl. Bur. Stand. (U.S.) Monogr. 25, 13, 49, (1976) 
 

Peak list 

 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1    0    0    3      4.63000    19.154       1.0 

  2    1    0    1      4.19100    21.182       3.0 

  3    0    1    2      3.71700    23.921      20.0 

  4    1    0    4      2.72900    32.791     100.0 

  5    1    1    0      2.54000    35.308      75.0 

  6    0    1    5      2.35500    38.185       1.0 

  7    0    0    6      2.32100    38.766       1.0 

  8    1    1    3      2.22800    40.453      20.0 

  9    0    2    1      2.17300    41.524       3.0 
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 10    2    0    2      2.09700    43.103       1.0 

 11    0    2    4      1.86000    48.930      35.0 

 12    1    0    7      1.81300    50.286       1.0 

 13    1    1    6      1.71300    53.446      35.0 

 14    2    1    1      1.65100    55.623       1.0 

 15    0    1    8      1.61900    56.821      11.0 

 16    2    1    4      1.50000    61.799      25.0 

 17    3    0    0      1.46600    63.396      25.0 

 18    1    2    5      1.42800    65.289       1.0 

 19    3    0    3      1.39900    66.817       1.0 

 20    2    0    8      1.36500    68.710       4.0 

 21    1    0   10      1.32760    70.932       8.0 

 22    1    1    9      1.32180    71.291       4.0 

 23    2    1    7      1.27600    74.268       1.0 

 24    2    2    0      1.26960    74.706       6.0 

 25    3    0    6      1.23960    76.838       2.0 

 26    0    1   11      1.21660    78.567       1.0 

 27    1    2    8      1.20200    79.710       6.0 

 28    0    2   10      1.17660    81.791       3.0 

 29    1    3    4      1.15120    84.000       7.0 

 30    2    2    6      1.11390    87.503       5.0 

 31    0    4    2      1.08620    90.335       1.0 

 32    2    1   10      1.06740    92.383       5.0 

 33    1    1   12      1.05580    93.704       2.0 

 34    4    0    4      1.04850    94.558       3.0 

 35    1    2   11      1.00690    99.818       1.0 

 36    3    1    8      0.99900   100.900       3.0 

 37    2    2    9      0.98160   103.393       1.0 

 38    0    1   14      0.97020   105.114       4.0 

 39    3    2    4      0.96920   105.269       7.0 

 40    4    1    0      0.95990   106.735       5.0 

 41    0    4    8      0.92960   111.918       2.0 

 42    1    3   10      0.91750   114.188       3.0 

 43    2    0   14      0.90640   116.390       2.0 

 44    4    1    6      0.88680   120.599       5.0 

    
    
Stick Pattern 
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Zn2TiO4, JCPDS file number 00-019-1483 

Name and formula 

 

Reference code: 00-019-1483  

 

PDF index name: Zinc Titanium Oxide  

 

Empirical formula: O4TiZn2  
Chemical formula: Zn2TiO4  
 

 

Crystallographic parameters 

 

Crystal system: Tetragonal  

 

a (?):   6.0050  
b (?):   6.0050  

c (?):   8.4160  

Alpha (?):  90.0000  

Beta (?):  90.0000  

Gamma (?):  90.0000  

 

Volume of cell (10^6 pm^3): 303.48  

Z:   4.00  

 

RIR: - 
 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

Quality: Doubtful (O) 
 

Comments 

 

General comments: Transforms to cubic modification above 770 C.  
 

References 

 

Primary reference: Vincent, Joubert, Durif., Bull. Soc. Chim. Fr., 246, (1966) 
 

Peak list 
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No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1    1    0    0      5.96000    14.852       2.0 

  2    1    0    1      4.87000    18.202       8.0 

  3    1    1    1      3.78000    23.517       2.0 

  4    2    0    0      3.00000    29.757      20.0 

  5    1    1    2      2.99000    29.858      35.0 

  6    1    0    3      2.55000    35.165     100.0 

  7                     2.53000    35.452      50.0 

  8    2    0    2      2.44000    36.806      10.0 

  9    1    1    3      2.34000    38.439       2.0 

 10    2    1    2      2.25000    40.041       2.0 

 11    2    2    0      2.12000    42.612      18.0 

 12    0    0    4      2.10000    43.038      10.0 

 13    3    0    2      1.81700    50.167       2.0 

 14                     1.80500    50.524       2.0 

 15    3    1    2      1.72900    52.913      14.0 

 16    2    0    4      1.72000    53.212       8.0 

 17    3    2    1      1.63200    56.328      30.0 

 18    3    0    3      1.62700    56.517      14.0 

 19    1    0    5      1.61900    56.821      14.0 

 20    3    1    3      1.57100    58.724       2.0 

 21    3    2    2      1.54600    59.769       2.0 

 22    4    0    0      1.50000    61.799      25.0 

 23    2    2    4      1.49300    62.121      45.0 

    
    
Stick Pattern 
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Zn2Ti3O8, JCPDS file number 01-073-0579 

 

Name and formula 

 

Reference code: 01-073-0579  

 

ICSD name: Zinc Titanium Oxide  

 

Empirical formula: O8Ti3Zn2  
Chemical formula: Zn2Ti3O8  
 

 

Crystallographic parameters 

 

Crystal system: Cubic  

Space group: Fd3m  

Space group number: 227 

 

a (?):   8.3950  
b (?):   8.3950  

c (?):   8.3950  

Alpha (?):  90.0000  

Beta (?):  90.0000  

Gamma (?):  90.0000  

 

Calculated density (g/cm^3):   4.52  

Measured density (g/cm^3):   4.61  

Volume of cell (10^6 pm^3): 591.65  

Z:   4.00  

 

RIR:   4.23  

 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Corrosion 

 Modelled additional pattern 

Quality: Calculated (C)   
This is the quality mark distribution for 340,653 entries published in PDF-4+ Release 

2013. Quality is defined by the ability to produce an accurate powder pattern with 

known and consistent chemistry, physical properties, and unit cell parameters. The 

ICDD does over 100 separate checks in its quality review. 
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Star (S), Indexed (I), and Blank (B) marks are in decreasing order of quality. In these 

cases there is a unit cell and calculated d-spacings which can be compared to 

experimental d-spacings. Low precision data (O) tend to be historical in nature where d-

spacings and intensities were visually estimated resulting in low precision. Rietveld (R) 

quality marks result from Rietveld refinements where there is a strong agreement with 

the structure and powder patterns resulting in high quality. 

Calculated (C), Prototype (P) and Hypothetical Data (H) all result from calculation and do 

not have corresponding experimental data. The quality of these data are more difficult 

to ascertain. The user should be cautious using these data. 

 

 

Comments 

 

ICSD collection code: 022381  

Test from ICSD: Calc. density unusual but tolerable. 
 No R value given.  
 

References 

 

Primary reference: Calculated from ICSD using POWD-12++, (1997) 
Structure: Bartram, S.F., Slepetys, A., J. Am. Ceram. Soc., 44, 493, 

(1961) 
 

Peak list 

 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1    1    1    1      4.84686    18.289       0.3 

  2    2    2    0      2.96808    30.084      58.7 

  3    3    1    1      2.53119    35.435     100.0 

  4    2    2    2      2.42343    37.067       0.6 

  5    4    0    0      2.09875    43.065       8.6 

  6    3    3    1      1.92595    47.151       3.2 

  7    4    2    2      1.71362    53.425      16.5 

  8    5    1    1      1.61562    56.951      32.8 

  9    4    4    0      1.48404    62.538      37.2 

 10    5    3    1      1.41901    65.755       0.2 

 11    4    4    2      1.39917    66.808       0.1 

 12    6    2    0      1.32737    70.946       5.2 

 13    5    3    3      1.28023    73.982       7.3 

 14    6    2    2      1.26559    74.984       0.7 
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 15    4    4    4      1.21171    78.946       0.7 

 16    7    1    1      1.17554    81.881       0.4 

 17    6    4    2      1.12183    86.730       6.0 

 18    7    3    1      1.09294    89.626       9.8 

    
    
Stick Pattern 
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