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APPENDIX A 

 

The Joint Committee for Powder Diffraction Standards (JCPDS) [80] 

 

1. CuS, JCPDS file number 06-0464 

Name and formula 

 

Reference code: 06-0464  

 

Mineral name: Covellite, syn  

PDF index name: Copper Sulfide  

 

Empirical formula: CuS 

Chemical formula: CuS 

 

 

Crystallographic parameters 

 

Crystal system: Hexagonal  

Space group: P63/mmc  

Space group number: 194 

 

a (Å):   3.7920  

b (Å):   3.7920  

c (Å):  16.3440  

 

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree): 120.0000  

Calculated density:   4.68  
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Measured density:   4.67  

Volume of cell: 203.53  

Z:   6.00  

RIR: - 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Mineral 

 Alloy, metal or intermetalic 

 Corrosion 

 Common Phase 

 Educational pattern 

 Forensic 

 NBS pattern 

 Superconducting Material 

Quality: Star (S) 

 

Comments 

 

Color: Dark blue  

General comments: Opaque mineral optical data on specimen from 

unspecified locality: R1Ro=7.1, RR2Re=23.7, 

Disp.=16, VHN100=128-138, Color Values=o  .224, 

.226, 6.8, e  .283, .287, 23.5, Ref.:  IMA Commission 

Ore Microscopy QDF. 

 Measured density and color from Dana's System of 

Mineralogy, 7th Ed., I.  

Sample source: Sample from Fisher Scientific Company.  

Sample preparation: Annealed at 400 
o
C for several hours in sulfur 

atmosphere.  
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Analysis: Spectroscopic analysis: <0.1% Si, Zn; <0.01% Ag, Al, 

Ca, Fe, Mg, Ni; <0.001% B, Mn, Pb.  

Optical data: B=1.45, Sign=+  

Additional pattern: To replace 1-1281, 3-724 and 3-1090 and validated by 

calculated pattern 24-60. 

 See ICSD 24586 and 36155 (PDF 76-1725); See ICSD 

63327 (PDF 78-2121).  

Temperature: Pattern taken at 26 
o
C.  

 

References 

 

Primary reference: Natl. Bur. Stand. (U.S.), Circ. 539, IV, 13, (1955) 

 

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1    0    0    2      8.18000       8.0 

  2    1    0    0      3.28500      14.0 

  3    1    0    1      3.22000      30.0 

  4    1    0    2      3.04800      65.0 

  5    1    0    3      2.81300     100.0 

  6    0    0    6      2.72400      55.0 

  7    1    0    5      2.31700      10.0 

  8    1    0    6      2.09700       6.0 

  9    0    0    8      2.04300       8.0 

 10    1    0    7      1.90200      25.0 

 11    1    1    0      1.89600      75.0 

 12    1    0    8      1.73500      35.0 

 13    2    0    1      1.63400       4.0 

 14    2    0    2      1.60900       8.0 

 15    2    0    3      1.57200      16.0 

 16    1    1    6      1.55600      35.0 
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 17    1    0   10      1.46300       6.0 

 18    1    1    8      1.39000       6.0 

 19    1    0   11      1.35400       8.0 

 20    2    0    7      1.34300       6.0 

 21    2    0    8      1.28000      10.0 

 22    2    1    2      1.22700       6.0 

 23    2    1    3      1.21000      10.0 

 24    1    0   14      1.09980       8.0 

 25    3    0    0      1.09460      10.0 

 26    2    1    8      1.06070      10.0 

 27    3    0    6      1.01550       8.0 

    

    

Stick Pattern 
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2.  Al, JCPDS file number 01-1176 

Name and formula 

 

Reference code: 01-1176  

 

PDF index name: Aluminum  

 

Empirical formula: Al 

Chemical formula: Al 

 

 

Crystallographic parameters 

 

Crystal system: Cubic  

Space group: Fm3m  

Space group number: 225 

 

a (Å):   4.0406  

b (Å):   4.0406  

c (Å):   4.0406  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree):  90.0000  

 

Measured density:   2.69  

Volume of cell:  65.97  

Z:   4.00  

 

RIR: - 
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Status, subfiles and quality 

 

Status: Marked as deleted by ICDD 

Subfiles: Inorganic 

Quality: Blank (B) 

 

Comments 

 

Deleted by: Deleted by NBS card.  

Color: White  

Melting point: 660 
o
C 

 

References 

 

Primary reference: Davey., Phys. Rev., 25, 753, (1925) 

Optical data: Data on Chem. for Cer. Use, Natl. Res. Council Bull. 

107  

Unit cell: The Structure of Crystals, 1st Ed.  

 

Peak list 

No.    h    k    l      d [A]       I [%]   

  1    1    1    1      2.34000     100.0 

  2    2    0    0      2.02000      90.0 

  3    2    2    0      1.43000      80.0 

  4    3    1    1      1.22000     100.0 

  5    2    2    2      1.17000      50.0 

  6    4    0    0      1.01000      40.0 

  7    3    3    1      0.93000      70.0 

  8    4    2    0      0.91000      70.0 

  9    4    2    2      0.83000      50.0 
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 10    5    1    1      0.78000      60.0 

 11                         0.72000      20.0 

   Stick Pattern 

    

 

3.  Sb, JCPDS file number 02-0587 

Name and formula 

 

Reference code: 02-0587  

 

PDF index name: Antimony  

 

Empirical formula: Sb 

Chemical formula: Sb 

 

 

Crystallographic parameters 

 

Crystal system: Rhombohedral  
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Space group: R-3m  

Space group number: 166 

 

a (Å):   4.1110  

b (Å):   4.1110  

c (Å):  10.7620  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree): 120.0000  

 

Measured density:   6.67  

Volume of cell:  157.51  

Z:   2.00  

 

RIR:   - 

 

 

Status, subfiles and quality 

 

Status: Marked as deleted by ICDD 

Subfiles: Inorganic 

Quality: Doubtful (O) 

 

Comments 

 

Deleted by: Deleted by NBS.  

Color: Tin white  

General comments: Photographed at 2122 C.  

Melting point: 630.5  

Unit cell: Rhombohedral cell: a=4.301, a=57.08.  

 

References 
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Primary reference: Dorn, Glockler., J. Phys. Chem., 41, 502, (1937) 

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1                         3.71000      80.0 

  2                         3.08000     100.0 

  3                         2.31000     100.0 

  4    1    0    4      2.14000     100.0 

  5                         1.92000      80.0 

  6                         1.87000      80.0 

  7    0    2    1       1.76000     100.0 

  8                          1.72000      40.0 

  9                          1.55000      20.0 

 10                         1.50000      80.0 

 11                         1.43000      20.0 

 12    1    0    7      1.41000      80.0 

 13    1    1    6      1.36000      80.0 

 14    1    2    2      1.31000      80.0 

 15    0    1    8      1.26000      80.0 

 16                         1.24000      80.0 

 17                         1.21000      80.0 

 18    3    0    0      1.19000      80.0 

 19                         1.12000      40.0 

 20                         1.08000      80.0 

 21                         1.06000      80.0 

 22    1    0   10     1.03000      80.0 

 23    2    1    7      1.01000      80.0 

 24    3    0    6      0.99200      20.0 

 25    1    3    1      0.98400      20.0 

 26                         0.97800      80.0 

 27                         0.96700      80.0 
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 28                         0.93000      80.0 

  

Stick Pattern 

    

 

    

4.  Sb, JCPDS file number 02-0592  

Name and formula 

 

Reference code: 02-0592  

 

PDF index name: Antimony  

 

Empirical formula: Sb 

Chemical formula: Sb 

 

Crystallographic parameters 

 

Crystal system: Rhombohedral  
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Space group: R-3m  

Space group number: 166 

a (Å):   4.3000  

b (Å):   4.3000  

c (Å):  11.2500  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree): 120.0000  

 

Measured density:   6.67  

Volume of cell: 180.14  

Z:   2.00  

 

RIR: - 

 

Status, subfiles and quality 

 

Status: Marked as deleted by ICDD 

Subfiles: Inorganic 

Quality: Blank (B) 

 

Comments 

 

Deleted by: Deleted by NBS.  

Color: Tin white  

Sample source: Specimen from White River, California, USA.  

Melting point: 630.5  

Unit cell: Rhombohedral cell: a=4.4976, a=57.11.  

 

 

References 
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Primary reference: Harcourt, G., Am. Mineral., 27, 63, (1942) 

Unit cell: The Structure of Crystals, 1st Ed.  

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1    0    1    2      3.07000     100.0 

  2    1    0    4      2.23000      60.0 

  3    1    1    0      2.13000      60.0 

  4    0    1    5      1.92000      30.0 

  5    1    1    3      1.87000      30.0 

  6    2    0    2      1.76000      40.0 

  7                         1.68000      10.0 

  8    0    2    4      1.54000      40.0 

  9    1    0    7      1.47000      30.0 

 10    1    1    6      1.41000      40.0 

 11    1    2    2      1.36000      40.0 

 12    0    0    9      1.25000      40.0 

 13    3    0    0      1.23000      40.0 

 14    0    2    7      1.22000      20.0 

 15    1    1    9      1.08000      30.0 

 16    1    3    1      1.03000      20.0 

 17    3    1    2      1.01000      10.0 

 18    0    1   11      0.98500      10.0 

 19    0    2   10      0.96200      20.0 

 20    2    1   10      0.87600      20.0 

 21    1    0   13      0.84100      20.0 
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Stick Pattern 

    

 

    

5.  Zn, JCPDS file number 04-0831 

Name and formula 

 

Reference code: 04-0831  

 

Mineral name: Zinc, syn  

PDF index name: Zinc  

 

Empirical formula: Zn 

Chemical formula: Zn 

 

Crystallographic parameters 
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Crystal system: Hexagonal  

Space group: P63/mmc  

Space group number: 194 

a (Å):   2.6650  

b (Å):   2.6650  

c (Å):   4.9470  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree): 120.0000  

 

Calculated density:   7.13  

Measured density:   7.05  

Volume of cell:  30.43  

Z:   2.00  

 

RIR:   3.80  

 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Mineral 

 Alloy, metal or intermetalic 

 Common Phase 

 Educational pattern 

 Explosive 

 Forensic 

 NBS pattern 

 Pigment/Dye 

Quality: Star (S) 

 

Comments 



 147 

Color: Bluish white  

Sample source: Sample from New Jersey Zinc Company, Sterling Hill, 

New Jersey, USA.  

Analysis: Spectroscopic analysis shows faint traces of Pb, Cu, 

Mg, Si.  

Optical data: B=2.58  

Melting point: 420 oC   

Temperature: Pattern taken at 26 oC.  

 

References 

 

Primary reference: Swanson, Tatge., Natl. Bur. Stand. (U.S.), Circ. 539, I, 

16, (1953) 

Optical data: Winchell., Elements of Optical Mineralogy, 1, (1927) 

 

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1    0    0    2      2.47300      53.0 

  2    1    0    0      2.30800      40.0 

  3    1    0    1      2.09100     100.0 

  4    1    0    2      1.68700      28.0 

  5    1    0    3      1.34200      25.0 

  6    1    1    0      1.33200      21.0 

  7    0    0    4      1.23700       2.0 

  8    1    1    2      1.17290      23.0 

  9    2    0    0      1.15380       5.0 

 10    2    0    1      1.12360      17.0 

 11    1    0    4      1.09010       3.0 

 12    2    0    2      1.04560       5.0 

 13    2    0    3      0.94540       8.0 

 14    1    0    5      0.90930       6.0 
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 15    1    1    4      0.90640      11.0 

 16    2    1    0      0.87220       5.0 

 17    2    1    1      0.85890       9.0 

 18    2    0    4      0.84370       2.0 

 19    0    0    6      0.82450       1.0 

 20    2    1    2      0.82250       9.0 

    

    

Stick Pattern 

    

 

     

6.  AlSb, JCPDS file number 72-2247 

Name and formula 

 

Reference code: 73-2247  

 

ICSD name: Aluminum Antimony  
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Empirical formula: AlSb 

Chemical formula: AlSb 

 

Crystallographic parameters 

 

Crystal system: Cubic  

Space group: F-43m  

Space group number: 216 

 

a (Å):   6.1260  

b (Å):   6.1260  

c (Å):   6.1260  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree):  90.0000  

 

Calculated density:   4.30  

Measured density:   4.34  

Volume of cell: 229.90  

Z:   4.00  

 

RIR:  14.18  

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Alloy, metal or intermetalic 

 Corrosion 

 Modelled additional pattern 

Quality: Calculated (C) 

 

Comments 
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ICSD collection code: 024804  

Test from ICSD: No R value given. 

 At least one TF missing.  

References 

 

Primary reference: Calculated from ICSD using POWD-12++, (1997) 

Structure: Owen, E.A., Preston, G.D., Proc. Phys. Soc., 

London, 36, 341, (1924) 

 

 

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1    1    1    1      3.53685     100.0 

  2    2    0    0      3.06300      27.6 

  3    2    2    0      2.16587      46.2 

  4    3    1    1      1.84706      36.2 

  5    2    2    2      1.76842       5.8 

  6    4    0    0      1.53150       6.2 

  7    3    3    1      1.40540      12.0 

  8    4    2    0      1.36982       6.1 

  9    4    2    2      1.25046      10.3 

 10    5    1    1      1.17895       7.4 
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Stick Pattern   

 

   

7.  SnO2, JCPDS file number 77-0452 

 Name and formula 

 

Reference code: 77-0452  

 

Mineral name: Cassiterite, syn  

ICSD name: Tin Oxide  

 

Empirical formula: O2Sn 

Chemical formula: SnO2  
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Crystallographic parameters 

 

Crystal system: Tetragonal  

Space group: P42/mnm  

Space group number: 136 

 

a (Å):   4.7552  

b (Å):   4.7552  

c (Å):   3.1992  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree):  90.0000  

 

Calculated density:   6.92  

Volume of cell:  72.34  

Z:   2.00  

 

RIR:   9.52  

 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Mineral 

 Alloy, metal or intermetalic 

 Corrosion 

 Modelled additional pattern 

Quality: Calculated (C) 
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Comments 

 

ICSD collection code: 039178  

 

References 

 

Primary reference: Calculated from ICSD using POWD-12++, (1997) 

Structure: Seki, H., Ishizawa, N., Mizutani, N., Kato, M., Yogyo 

Kyokaishi (J. Ceram. Assoc. Jpn.), 92, 219, (1984) 

 

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1    1    1    0      3.36243     100.0 

  2    1    0    1      2.65438      75.8 

  3    2    0    0      2.37760      20.7 

  4    1    1    1      2.31773       3.3 

  5    2    1    0      2.12659       1.2 

  6    2    1    1      1.77101      51.6 

  7    2    2    0      1.68122      11.6 

  8    0    0    2      1.59960       5.8 

  9    3    1    0      1.50373      10.4 

 10    2    2    1      1.48823       0.1 

 11    1    1    2      1.44448      10.6 

 12    3    0    1      1.42030      12.7 

 13    3    1    1      1.36089       0.1 

 14    2    0    2      1.32719       5.1 

 15    2    1    2      1.27833       0.2 

 16    3    2    1      1.21931       7.3 

 17    4    0    0      1.18880       2.2 

 18    2    2    2      1.15887       4.7 

 19    4    1    0      1.15331       0.2 
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 20    3    3    0      1.12081       2.1 

 21    3    1    2      1.09562       5.6 

    

    

Stick Pattern 

    

 

    

 8.  ZnO, JCPDS file number 89-0511 

 Name and formula 

 

Reference code: 89-0511  

 

ICSD name: Zinc Oxide  

 

Empirical formula: OZn 

Chemical formula: ZnO 
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Crystallographic parameters 

 

Crystal system: Hexagonal  

Space group: P63mc  

Space group number: 186 

 

a (Å):   3.2490  

b (Å):   3.2490  

c (Å):   5.2052  

Alpha (degree):  90.0000  

Beta (degree):  90.0000  

Gamma (degree): 120.0000  

 

Calculated density:   5.68  

Volume of cell:  47.58  

Z:   2.00  

 

RIR:   5.37  

 

 

Subfiles and Quality 

 

Subfiles: Inorganic 

 Alloy, metal or intermetalic 

 Corrosion 

 Modelled additional pattern 

Quality: Calculated (C) 

 

Comments 

 

ICSD collection code: 082029  
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References 

 

Primary reference: Calculated from ICSD using POWD-12++  

Structure: Sawada, H., Wang, R., Sleight, A.W., J. Solid State 

Chem., 122, 148, (1996) 

 

Peak list 

 

No.    h    k    l      d [A]       I [%]   

  1    1    0    0      2.81372      57.4 

  2    0    0    2      2.60260      41.8 

  3    1    0    1      2.47523     100.0 

  4    1    0    2      1.91060      21.3 

  5    1    1    0      1.62450      30.5 

  6    1    0    3      1.47685      26.4 

  7    2    0    0      1.40686       4.0 

  8    1    1    2      1.37808      21.6 

  9    2    0    1      1.35813      10.6 

 10    0    0    4      1.30130       1.7 

 11    2    0    2      1.23761       3.3 

 12    1    0    4      1.18110       1.6 

 13    2    0    3      1.09277       6.5 
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Stick Pattern 
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APPENDIX B 

 

Camera constant used for the indexing of SAED pattern 

 

Table appendix B1. TEM constant (L) at 200 kV 

 

L (cm) D111Au (mm) r111Au (mm) D111Auv (A) L (mm.A) 

40 8.70 4.35 2.355 10.2442 

60 13.2 6.60 2.355 15.5430 

80 17.2 8.60 2.355 20.2530 

100 21.2 10.60 2.355 24.9630 

120 25.2 12.60 2.355 29.6730 

150 31.5 15.75 2.355 37.0912 

200 41.5 20.75 2.355 48.8662 

250 51.8 25.90 2.355 60.9945 
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APPENDIX C 

 

Diagram of solar simulator equipments 
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Figure C1  Diagram of solar simulator equipment calibration. 
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Figure C2  Diagram of solar simulator equipment. 
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APPENDIX D 

International publications 
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