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APPENDIX A 

The Joint Committee for Powder Diffraction Standards (JCPDS)  

A.1   MoO3 

Reference code:  05-0508  

Mineral name:  Molybdite, syn 

PDF index name:  Molybdenum Oxide  

Empirical formula:  MoO3 

Chemical formula:  MoO3 

A.1.1Crystallographic parameters 

Crystal system:  Orthorhombic  

Space group:  Pbnm 

Space group number: 62 

a (˚A):   3.9620 

b (˚A):  13.8580  

c (˚A):  3.6970  

Alpha (θ):  90.0000  

Beta (θ):   90.0000  

Gamma (θ):   90.0000  

Calculated density:  4.71  

Volume of cell:  202.99  

Z:  4.00  

RIR:  3.00  
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A.1.2 Subfiles and Quality 

                   Subfiles:  Inorganic 

  Mineral 

  Alloy, metal or intermetalic 

  Corrosion 

  Common Phase 

  Educational pattern 

  Forensic 

  NBS pattern 

Quality:  Star (S) 

A.1.3 Comments 

Color:  Park gray metallic  

General comments: Merck Index, 8th Ed., p. 699. 

 Color from Dana's System of Mineralogy, 7th Ed.,I 

329.  

Sample source:  Sample from Merck Chemical Company.  

Analysis:  Spectroscopic analysis: <0.1%, Al, Co, Mn, Si; 

<0.01% Fe; <0.001% Cu, Mg; <0.0001% Ca.  

Additional pattern:  To replace 1-706 and 5-506.  

Melting point:  1185˚C 

Temperature:  Pattern taken at 26 C.  

A.1.4 References 

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

30, (1954) 
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A.1.5 Peak list 

 

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

  1    0    2    0      6.93000      34.0 

  2    1    1    0      3.81000      82.0 

  3    0    4    0      3.46300      61.0 

  4    0    2    1      3.26000     100.0 

  5    1    3    0      3.00600      13.0 

  6    1    0    1      2.70200      19.0 

  7    1    1    1      2.65500      35.0 

  8    1    4    0      2.60700       6.0 

  9    0    4    1      2.52700      12.0 

 10    1    3    1      2.33200      12.0 

 11    0    6    0      2.30900      31.0 

 12    1    5    0      2.27100      18.0 

 13    1    4    1      2.13100       9.0 

 14    1    6    0      1.99600       4.0 

 15    2    0    0      1.98200      13.0 

 16    2    1    0      1.96000      17.0 

 17    0    0    2      1.84900      21.0 

 18    2    3    0      1.82100      11.0 

 19    1    7    0      1.77100       5.0 

 20    1    6    1      1.75600       5.0 

 21    2    1    1      1.73300      17.0 

 22    2    2    1      1.69300       8.0 

 23    1    1    2      1.66300      13.0 

 24    0    4    2      1.63100      13.0 

 25    1    7    1      1.59700      15.0 

 26    1    8    0      1.58700       6.0  

 27    0    8    1      1.56900      16.0 

 28    2    6    0      1.50400       5.0 
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                         No.    h    k    l      d [A]       I [%]   

 29    2    5    1      1.47700      10.0 

 30    0    6    2      1.44300      12.0 

 31    1    9    0      1.43500      12.0 

 32    2    7    0      1.40000       5.0 

 33    0   10    0      1.38600       5.0 

 34    2    0    2      1.35200       6.0 

A.1.6 Stick Pattern
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A.2 Cu 

A.2.1 Name and formula 

Reference code:   00-004-0836  

Mineral name:   Copper, syn 

PDF index name:   Copper  

Empirical formula:   Cu 

Chemical formula:   Cu 

A.2.2 Crystallographic parameters 

Crystal system:   Cubic  

Space group:   Fm3m  

Space group number:  225 

a (˚A):   3.6150 

b (˚A):    3.6150  

c (˚A):   3.6150  

Alpha (θ):    90.0000  

Beta (θ):   90.0000  

Gamma (θ):    90.0000  

Calculated density (g/cm^3):   8.94  

Measured density (g/cm^3):   8.95  

Volume of cell (10^6 pm^3):  47.24  

Z:   4.00  

RIR:   - 

A.2.3 Subfiles and Quality 

Subfiles:   Inorganic 

   Mineral 

   Alloy, metal or intermetalic 
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   Common Phase 

   Educational pattern 

   Forensic 

   NBS pattern 

Quality:   Star (S) 

A.2.4 Comments 

Color:   Red  

General comments:  Impurities from 0.001-0.01%, Ag, Al, Bi, 

Fe, Si, Zn.Opaque mineral optical data on 

specimen from unspecified locality, 

R3R%=60.65, Disp.=Std., VHN100=96-

104,Ref.:IMA Commission on Ore 

Microscopy QDF. Measured density 

and color from Dana's System of 

Mineralogy, 7th Ed., I 99. 

Sample source:   Sample from metallurgical laboratory of 

NBS, Gaithersburg, MD, USA.  

Sample preparation:  It had been heated in an H2  atmosphere at 

300 ˚C.  

Melting point:   1083˚C 

Temperature:   Pattern taken at 26 ˚C.  

A.2.5 References 

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

Circ. 539, I, 15, (1953) 
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A.2.6 Peak list 

No.    h    k    l      d [A]     2Theta[deg] I [%]    

  1    1    1    1      2.08800    43.298     100.0 

  2    2    0    0      1.80800    50.434      46.0 

  3    2    2    0      1.27800    74.133      20.0 

  4    3    1    1      1.09000    89.934      17.0 

  5    2    2    2      1.04360    95.143       5.0 

  6    4    0    0      0.90380   116.923       3.0 

  7    3    3    1      0.82930   136.514       9.0 

  8    4    2    0      0.80830   144.723       8.0 

 

A.2.7 Stick Pattern 
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A.3 Cu2O 

A.3.1 Name and formula 

Reference code:   01-078-2076  

Mineral name:   Cuprite  

ICSD name:   Copper Oxide  

Empirical formula:   Cu2O 

Chemical formula:   Cu2O 

A.3.2 Crystallographic parameters 

Crystal system:   Cubic  

Space group:   Pn3m  

Space group number:  224 

a (˚A):   4.2670 

b (˚A):   4.2670  

c (˚A):   4.2670  

Alpha (θ):   90.0000  

Beta (θ):   90.0000  

Gamma (θ):    90.0000  

Calculated density (g/cm^3): 6.12  

Volume of cell (10^6 pm^3):  77.69  

Z:   2.00  

RIR:    8.28  

A.3.3 Status, subfiles and quality 

Status:   Diffraction data collected at non ambient 

temperature 

Subfiles:   Inorganic 

   Mineral 
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   Alloy, metal or intermetalic 

   Corrosion 

   Modelled additional pattern 

Quality:   Calculated (C) 

A.3.4 Comments 

Sample source:   Specimen from USA.  

ICSD collection code:  063281  

A.3.5 References 

Primary reference:   Calculated from ICSD using POWD-

12++, (1997) 

Structure:   Restori, R., Schwarzenbach, D., 

ActaCrystallogr., Sec. B: Structural 

Science, 42, 201, (1986) 

A.3.6 Peak list 

No.    h    k    l      d [A]     2Theta[deg] I [%]    

  1    1    1    0      3.01723    29.583       5.3 

  2    1    1    1      2.46355    36.441     100.0 

  3    2    0    0      2.13350    42.329      34.7 

  4    2    1    1      1.74200    52.488       1.1 

  5    2    2    0      1.50861    61.408      26.5 

  6    2    2    1      1.42233    65.582       0.1 

  7    3    1    0      1.34934    69.622       0.3 

  8    3    1    1      1.28655    73.558      19.8 

  9    2    2    2      1.23178    77.417       4.3 

 10    3    2    1      1.14040    84.980       0.2 
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A.3.7 Stick Pattern 
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A.4 CuO 

A.4.1 Name and formula 

Reference code:   00-048-1548  

Mineral name:   Tenorite, syn 

PDF index name:   Copper Oxide  

Empirical formula:   CuO 

Chemical formula:   CuO 

A.4.2 Crystallographic parameters 

Crystal system:   Monoclinic  

Space group:   C2/c  

Space group number:  15 

a (˚A):   4.6883 

b (˚A):   3.4229  

c (˚A):    5.1319  

Alpha (θ):   90.0000  

Beta (θ):   99.5060  

Gamma (θ):   90.0000  

Calculated density (g/cm^3): 6.51  

Volume of cell (10^6 pm^3):  81.22  

Z:   4.00  

RIR:   - 

A.4.3 Subfiles and Quality 

Subfiles:   Inorganic 

   Mineral 

   Alloy, metal or intermetalic 

   Corrosion 
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   Common Phase 

   Forensic 

   Superconducting Material 

Quality:   Star (S) 

A.4.4 Comments 

Sample preparation:  Cu2( OH )3NO3  was thermally 

decomposed  to form CuO.  This was 

annealed at 1000 C in air for 5 hours.  

Additional pattern:   To replace 5-661.  

A.4.5 References 

Primary reference:   Langford, J., Louer, D., J. Appl. 

Crystallogr., 24, 149, (1991) 

 

A.4.6Peak list 

 

No.    h    k    l      d [A]     2Theta[deg] I [%]    

  1    1    1    0      2.75201    32.509      13.0 

  2    0    0    2      2.53236    35.418      37.0 

  3    1    1   -1      2.52367    35.544     100.0 

  4    1    1    1      2.32429    38.709      99.0 

  5    2    0    0      2.31315    38.903      21.0 

  6    1    1   -2      1.96095    46.260       3.0 

  7    2    0   -2      1.86764    48.717      30.0 

  8    1    1    2      1.77808    51.344       1.0 

  9    0    2    0      1.71179    53.487       7.0 

 10    0    2    1      1.62105    56.743       1.0 

 11    2    0    2      1.58227    58.265      10.0 

 12    1    1   -3      1.50600    61.526      20.0 
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No.    h    k    l      d [A]     2Theta[deg] I [%]    

13    0    2    2      1.41789    65.813      10.0 

 14    3    1   -1      1.41013    66.222      15.0 

 15    3    1    0      1.40586    66.449       1.0 

 16    1    1    3      1.37922    67.905       6.0 

 17    2    2    0      1.37530    68.125      14.0 

 18    2    2   -1      1.36158    68.907       1.0 

 19    3    1   -2      1.31552    71.683       1.0 

 20    3    1    1      1.30467    72.373       5.0 

 21    2    2    1      1.29586    72.944       1.0 

 22    0    0    4      1.26567    74.978       6.0 

 23    2    2   -2      1.26184    75.245       5.0 

 24    0    2    3      1.20171    79.733       1.0 

 25    2    0   -4      1.19642    80.157       2.0 

 26    1    1   -4      1.19538    80.241       1.0 

 27    3    1   -3      1.16989    82.362       4.0 

 28    2    2    2      1.16176    83.065       2.0 

 29    3    1    2      1.15604    83.568       2.0 

 30    4    0   -2      1.12388    86.533       1.0 

 31    2    2   -3      1.12137    86.775       1.0 

 32    1    1    4      1.10921    87.968       1.0 

 33    1    3    0      1.10835    88.054       1.0 

 34    1    3   -1      1.09137    89.790       3.0 

 35    1    3    1      1.07330    91.729       1.0 

 36    2    0    4      1.04010    95.565       1.0 

 37    2    2    3      1.01764    98.392       1.0 

 38    3    1    3      1.00789    99.684       2.0 

 39    4    0    2      0.99164   101.935       1.0 

 40    1    1   -5      0.98184   103.357       2.0 

 41    2    2   -4      0.98044   103.565       2.0 

 42    4    2    0      0.95795   107.049       2.0 
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No.    h    k    l      d [A]     2Theta[deg] I [%]    

 43    1    3   -3      0.94314   109.519       1.0 

 44    4    2   -2      0.93939   110.170       3.0 

 45    4    0   -4      0.93362   111.191       1.0 

 46    1    1    5      0.92115   113.489       2.0 

 47    4    2    1      0.91816   114.060       1.0 

 48    1    3    3      0.90959   115.744       1.0 

 49    5    1   -1      0.90421   116.838       1.0 

 50    2    2    4      0.88848   120.221       1.0 

 51    3    3    1      0.88720   120.509       3.0 

A.4.7 Stick Pattern 
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APPENDIX B 

Camera constant used for the indexing of SAED pattern 

Table B.1 Camera constant (L) at 200 kV of JEOL-TEM 

 

 

 

 

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 24.963 

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 

NH3 gas flow rate controller (Cole-Parmer model PMR 1-010333) 

Table B.2 NH3 gas flow rate controlled by gas regulator                                           

(Cole-Parmer model PMR 1-010333) 

 

Feeding 

time  

(s) 

Flowing  volume  at 

scale  (cm3) 

scale(cm3) 

5  10  

1 2.114 2.445 

2 4.228 4.890 

3 6.342 7.335 

4 8.456 9.780 

5 10.570 12.225 

6 12.684 14.670 

7 14.798 17.115 

8 16.912 19.560 

9 19.026 22.005 

10 21.140 24.450 

11 23.254 26.895 

12 25.368 29.340 

13 27.482 31.785 

14 29.596 34.230 

15 31.710 36.675 
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