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04-0829 Quality: Quality Data   
Mg O
Magnesium Oxide
Periclase, Syn

Lambda:1.5405Rad:CuKa1 Filter:Beta filt er used d sp:
Cutoff: Int : I/Icor:2.1
Ref:Swanson, T atge., 1 37, (1953)
Sys:Cubic S.G.:Fm3m    
a:4.213 b: c:
α: β : γ: Z:4 mp
Ref2
Dx:3.581 Dm:3.58 SS/FOM: F10=55.7(0.018,10)

εα: ηωβ :1.732 εγ: Sign: 2V:
Ref3
Color:Colorless
High purity phosphor sample from RCA heated at  1800 C for 3 hours. Pat tern at  26 C. Spectrographic analysis in %: Ca and Si 
0.01-1.00, Al, B, Cr, Fe, Ni 0.001-0.01. Merck Index, 8th Ed., p. 637. Pat tern reviewed by K. Mart in and G. McCarthy, North 
Dakota State University, Fargo, North Dakota, USA, \IT JCPDS Grant -in-Aid Report \RG (1990). Except  for (220) reflect ions, 
there is good agreement  with expermental and calculated pat terns. T he experimental pat tern had I(220)=28; the calculated value 
is I(220)=49.

Volume[CD]:74.78
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*******************************************
*                                         *
* SCINTAG/USA  LATTICE REFINEMENT PROGRAM *
*                              3.00-WINNT *
*******************************************

  CELL PARAMETERS:
  -----------------
          A =   4.214360         B =   4.214360          C =   4.214360
      ESD A =    .000311     ESD B =    .000311      ESD C =    .000311

      ALPHA = 90.000          BETA =  90.000         GAMMA =   90.000
  ESD ALPHA =   .000      ESD BETA =    .000     ESD GAMMA =     .000

     VOLUME =      74.85

CRYSTAL SYMMETRY SYSTEM:
------------------------

CUBIC

     H   K   L         2-THETA (DEG)              Q = (1/D**2)        INT(CPS)
                  OBS------CALC----DELTA       OBS------CALC----DELTA
     1   1   1   36.9053   36.9120  -.0067   .16885   .16891  -.00006   497
     2   0   0   42.8687   42.8829  -.0143   .22507   .22521  -.00014  4847
     2   2   0   62.2511   62.2580  -.0069   .45034   .45043  -.00009  2213
     3   1   1   74.6457   74.6301   .0156   .61956   .61934   .00022   262
     2   2   2   78.5663   78.5661   .0002   .67565   .67564   .00000   604

     H   K   L         2-THETA (DEG)              D - SPACINGS        INT(CPS)
                  OBS------CALC----DELTA       OBS------CALC----DELTA
     1   1   1   36.9053   36.9120  -.0067  2.43359  2.43316   .00042   497
     2   0   0   42.8687   42.8829  -.0143  2.10785  2.10718   .00067  4847
     2   2   0   62.2511   62.2580  -.0069  1.49015  1.49000   .00015  2213
     3   1   1   74.6457   74.6301   .0156  1.27045  1.27068  -.00023   262
     2   2   2   78.5663   78.5661   .0002  1.21658  1.21658   .00000   604

END OF LATTICE REFINEMENT
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Periclase MgO
c©2001-2005 Mineral Data Publishing, version 1

Crystal Data: Cubic. Point Group: 4/m 3 2/m. As small octahedra, less commonly
cubo-octahedra or dodecahedra, may be clustered; granular, massive.

Physical Properties: Cleavage: {001}, perfect; on {111}, good; may exhibit parting on
{011}. Hardness = 5.5 D(meas.) = 3.56–3.68 D(calc.) = 3.58 Slightly soluble in H2O when
powdered, to give an alkaline reaction.

Optical Properties: Transparent. Color: Colorless, grayish white, yellow, brownish
yellow; may be green or black with inclusions; colorless in transmitted light. Streak: White.
Luster: Vitreous.
Optical Class: Isotropic. n = 1.735–1.745

Cell Data: Space Group: Fm3m. a = 4.203–4.212 Z = 4

X-ray Powder Pattern: Synthetic.
2.106 (100), 1.489 (52), 0.9419 (17), 0.8600 (15), 1.216 (12), 2.431 (10), 1.0533 (5)

Chemistry: (1)
FeO 5.97
MgO 93.86

Total 99.83
(1) Monte Somma, Italy.

Mineral Group: Periclase group.

Occurrence: A product of the high-temperature metamorphism of magnesian limestones and
dolostone.

Association: Forsterite, magnesite (Monte Somma, Italy); brucite, hydromagnesite, ellestadite
(Crestmore quarry, California, USA); fluorellestadite, lime, periclase, magnesioferrite, hematite,
srebrodolskite, anhydrite (Kopeysk, Russia).

Distribution: On Monte Somma, Campania, Italy. At Predazzo, Tirol, Austria. From
Carlingford, Co. Louth, Ireland. At Broadford, Isle of Skye, and Camas Mòr, Isle of Muck,
Scotland. From León, Spain. At the Bellerberg volcano, two km north of Mayen, Eifel district,
Germany. From Nordmark and L̊angban, Värmland, Sweden. In mines around Kopeysk,
Chelyabinsk coal basin, Southern Ural Mountains, Russia. In the USA, at the Crestmore quarry,
Riverside Co., California; from Tombstone, Cochise Co., Arizona; in the Gabbs mine, Gabbs
district, Nye Co., Nevada. In Canada, at Oka, Quebec. From ten km west of Cowell, Eyre
Peninsula, South Australia.

Name: From the Greek for to break around, in allusion to the perfect cubic cleavage.

Type Material: Natural History Museum, Paris, France, 96.1201.

References: (1) Palache, C., H. Berman, and C. Frondel (1944) Dana’s system of mineralogy,
(7th edition), v. I, 499–500. (2) Deer, W.A., R.A. Howie, and J. Zussman (1962) Rock-forming
minerals, v. 5, non-silicates, 1–4. (3) Hazen, R.M. (1976) Effects of temperature and pressure
on the cell dimension and X-ray temperature factors of periclase. Amer. Mineral., 61, 266–271.
(4) (1953) NBS Circ. 539, 1, 37.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording, or otherwise without the prior written
permission of Mineral Data Publishing.
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Lanthanide
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PERIODIC TABLE OF THE ELEMENTS

BORON

ATOMIC NUMBER

ELEMENT NAME

SYMBOL

(1)  Pure Appl. Chem., , No. 4, 667-683 (2001)73

Editor: Aditya Vardhan (adivar@nettlinx.com)

Relative atomic mass is shown with five
significant figures. For elements have no stable
nuclides, the value enclosed in brackets
indicates the mass number of the longest-lived
isotope of the element.

However three such elements (Th, Pa, and U)
do have a characteristic terrestrial isotopic
composition, and for these an atomic weight is
tabulated.

Metal

Alkali metal

Alkaline earth metal

Transition metals

Lanthanide

Actinide

Chalcogens element

Halogens element

Noble gas

Semimetal Nonmetal

- gas

- liquid

- solid
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STANDARD STATE (25 °C; 101 kPa)

UNUNNILIUM UNUNUNIUM UNUNQUADIUMUNUNBIUM

RELATIVE ATOMIC MASS (1)

GROUP CASGROUP IUPAC
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Lecture Notes - Mineralogy - Periclase Structure

• In lab we determined the unit cell for a crystal of synthetic periclase (MgO).  Because periclase
is cubic, only one lattice parameter (a) is needed to completely specify the size and shape of the
unit cell.  We found that a = 0.421 nm (= 4.21 Å).  Based on this measurement, the volume (V)
of the  periclase unit cell is 0.074618 nm3.

• The density of periclase can be determined by a specific gravity measurement using either the
Joly or Berman balance.  Because periclase is very hygroscopic, the Berman balance with tolu-
ene as the fluid is to be recommended.  Periclase has a density of 3.56 g/cm3 (=3.56 x 10-21 g/
nm3).  One unit cell contains 2.6564 x 10-22 gm of periclase.  [(0.074618 nm3/unit cell) x (3.56 x
10-21 gm of periclase/nm3) = (2.6564 x 10-22 gm of periclase/unit cell)]

• One gram formula unit (mole) of periclase has a mass (gfw) of 40.31 gms and contains N (6.023
x 1023) formula units of MgO.  Therefore, there are [(6.023 x 1023 formula units of MgO)/(40.31
gms) =] 1.494 x 1022 formula units of periclase per gram of periclase.

• Using the results of (2) and (3) it is clear that there should be [(1.494 x 1022 formula units of
periclase/gm of periclase) x (2.6564 x 10-22 gm of periclase/unit cell) =] 3.969 formula units of
periclase/unit cell.  This number Z (formula units/unit cell) must be an integer (Z = 4) because
there cannot be fractions of atoms in the unit cell.

• Knowing the value of Z, it is possible to determine the exact locations of the Mg and O atoms
using the special positions for the periclase space group Fm3m.  With the multiplicity of a
general position equal to 192, it is clear that Mg and O must be on special positions indeed.
From the International Tables for X-ray Crystallography  (p.338),  it is clear that Mg and O
must occupy special positions a and b  with coordinates 0,0,0 and 1/2,1/2,1/2, respectively.  But
which atom is to have 0,0,0 and which is to have 1/2,1/2,1/2?  Careful scrutiny of the structure
reveals that there is no difference between the two possibilities; there is only a difference in
choice of origin.

• Other crystal structures may be discovered in the same manner as that of periclase.  However, for
structures with more complexity, data in addition to Z and the crystal’s symmetry are required
for a complete structure determination.

Z
formula units

unit cell
=

V D N
M

nm
3

unit cell
gm

cm
3

formula units
mole

gm
mole
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Mineralogy Lab
Measuring Atoms

X-ray diffraction may be used to measure the spacing between planes of atoms in a crystal.  The figure is a model of
the crystal structure of the isometric mineral periclase (MgO) viewed down the c-axis (a-axis points down the page,
b-axis points right).  The end of a face-centered unit cell is shown in blue.  Mg atoms are shown in red and O atoms
are shown in gray.  The spacing of the horizontal rows of red atoms represent the spacing of the atoms that produce
the (002) x-ray peak.  The spacing of the (001) peak (never observed) is given by the unit cell edge.  d(001) = 2 x d(002).

All of the following list of minerals has a simple oxide with a crystal structure like periclase:

(a) bunsenite (NiO)
(b) lime (CaO)
(c) manganosite (MnO)
(d) periclase (MgO)
(e) unnamedite (SrO)

These minerals are isostructural with each other.  A powder diffraction pattern is shown for each on the attached
pages.  These patterns were collected using the Smith diffractometer, which has a Cu x-ray tube (CuKa = 0.1540
nm).

(1) With your lab group, collect a diffraction pattern for one of these oxides.  Scan from 25-85° (2q) at 5° per
minute.  Identify the peaks by comparing your pattern with the PDF data file.  Print out your pattern with the
peaks labeled.

(2) Use the Scintag crystallography software to determine the one unit cell parameter (a).

(3) Using the (002) peak from your pattern, calculate the size of the unit cell using Bragg’s Law.

(4) Assuming that the radius of the oxygen atoms is 0.140 nm, calculate the size of the metal atom in your
mineral. Give an uncertainty for your answer.

(5) Is your answer reasonable?  How does it compare with the radius given in the book?
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