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The present work is a part of the large project with purpose to 

investigate microstructure and electronic structure of natural topazes 

using NMR method. To reach this task we determined the relative 

contents of fluorine and hydrogen in crystals blue, colorless, wine and 

wine irradiated topazes. Then we determined the electric field 

gradients in site of aluminium atoms by NMR method, calculated 

EFG using ab initio method, and measured relaxation time 

dependence on heating temperature for blue, colorless, Swiss blue and 

sky blue topazes.  

Nuclear magnetic resonance (NMR) is an effective method to 

investigate the local structure in the crystal. The NMR study of the 

single crystal gives detailed information especially about the local 

crystal structure.  

As a result of this work we have received practical data, which 

is possible to use in future for making personal dosimetry and for 

preparation of mullite, which is widely used in traditional and 

advanced ceramic materials. 
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INTRODUCTION  
One of the most interesting phenomenon nowadays is 

correlation between microstructure of the crystal and its physical 

properties. In particular, color of topazes (Al2SiO4(OHxFy)2) and their 

transparency in visible area of light are determined by the amount and 

the arrangement of defects, the color centers. The quantity and the 

quality of the defects is one of the typomorphic characteristics of 

various deposits. Color of  crystals depend on the ratio between the 

amount of fluorine atoms and OH groups replacing fluorine, amount 

and sort of paramagnetic impurities, etc., and the defects formed by, 

for example, neutron or X-ray irradiation. 

In the literature exist numerous studies on the structure and the 

properties of topaz Al2SiO4(F,OH)2). 

For more than fifty years the vibrational spectra of topaz, a 

solid solution of chemical formula Al2SiO4(OHxF12x)2, where 0 < x < 

0.3, have been a topic of intensive investigations using Raman and 

infrared spectroscopies. Most of these studies were related to the 

investigation of the symmetry of topaz as well as the OH/F 

substitution. Although no definitive answer has yet been established 

concerning the space group, much has been learned about the 

influence of the OH/F substitution on many of its physical properties 

such as, e.g., the refraction index and specific weight. On the other 

hand, much less is known about the relationship between the OH/F 

substitution and the concentration of color centers [1]. 

Investigation OH/F substitution, relation between the amount 

hydrogen and fluorine, and presence of paramagnetic impurities by 

method of a nuclear magnetic resonance, as far as we know, was not 

applied, though it is the most sensitive method. 

The local structure and property of topaz strongly depend on the 

condition of the crystal formation and the treatment of the crystal. 
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Therefore, more information on the local and electronic structure of 

topaz obtained under several conditions is desirable. Nuclear magnetic 

resonance (NMR) of nuclei with spin I > 1/2 is an effective method to 

investigate the local structure in the crystal, since the quadrupole 

interaction is very sensitive to the environment of the observed nuclei 

[23, 24]. The NMR study of the single crystal gives detailed 

information especially about the local structure in the crystal from the 

tensor of the electric field gradient (EFG) which is the second rank 

tensor determined by the principal values and the directions of the 

principal axes. 

The purpose of this work is to use NMR method to study 

microstructure and electronic structure of topaz mineral: crystals blue, 

colorless, Swiss blue, sky blue, wine and wine irradiated. To reach 

this task we defined the relative contents of fluorine and hydrogen in 

crystals blue, colorless, wine and wine irradiated topazes. Then we 

determined the electric field gradients in site of aluminium atoms by 

NMR method, calculated EFG by ab initio method, and measured 

relaxation time dependence on burning temperature for blue, 

colorless, Swiss blue and sky blue topazes.  
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1. LITERATURE REVIEW 

1.1. Practice application of topaz 

The most important use of topaz is as a gemstone. It is one of 

the most popular and widely used gemstones in jewelry, and has been 

used that way for centuries. The mineral is almost always found in the 

form of large, well developed crystals. There are specimens of topaz 

that have been found weighing up to several hundred kilograms. 

Gems have been cut from huge crystals which are several thousands 

of carats, such as a 144,000 carat golden brown topaz shown at the 

1974 National Gem and Mineral show in Lincoln, Nebraska; and a 

36,853 carat champagne topaz carved in 1989. Most of these large 

topaz deposits are found in Brazil. 

Topaz is one the hardest minerals, and is the hardest silicate 

mineral, with Mohs hardness equal to eight. This feature is 

undermined by the fact that it has perfect basal cleavage in one 

direction. This makes it difficult to cut and polish, and therefore 

carvings made out of topaz are very rare. 

It is still valuable as a gemstone, however, because of its high 

luster, good crystal form with many facets, and good color. It comes 

in many colors ranging from colorless to red, pink, yellow, orange, 

brown, and pale blue. Its colorless variety is fairly common, and can 

be cut to look like diamond, or heat-irradiated to turn it into blue 

topaz. This has become a very popular, less expensive substitute for 

aquamarine. The orange-yellow variety, most characteristic of the 

mineral, is called "imperial topaz," and is the most valuable form. 

Prices for imperial topaz range from $50-$400 per carat. Prices for 

blue topaz are around $0.75-$10.00 per carat. 

Besides its value as gemstone the optical and piezoelectric 

properties of natural topaz makes it an interesting material for 

technological applications. Recent studies reveal that the thermo 
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luminescent (TL) characteristics of topaz make it suitable for 

dosimetry. In the work [2] it was indicated that the colorless topaz 

from Minas Gerais, Brazil, is a promising material for dosimetric 

application. It can be useful for personal dosimetry, in monitoring the 

radiation sources usually employed in radiotherapy, and in the 

dosimetry of nuclear accident, where sometimes we want to know 

which kind of material can be used to measure the radiation dose in 

the region of the accident during or after the accident. 

Topaz mineral is used for preparation of mullite, which is 

widely used in traditional and advanced ceramic materials due to its 

low thermal expansion, low thermal conductivity, and excellent creep 

resistance. This is a very attractive option, since high-purity colorless 

topaz is abundant in nature and its gemological or commercial value is 

low. Moreover, the transformation of topaz to mullite is clean 

procedure which does not form chemical residues, in line with the 

principles Green Chemistry. 

Topaz is system that has been found to be stable at high 

pressures up to those of the lower mantle, and thus may be important 

in the siliceous sediments of subducting slab [3]. 

 

1.2. Physical Properties of Topaz 

Topaz, Al2SiO4(F,OH)2, is one of the most important F/OH-

bearing silicates, found in different geological environments: as 

accessory mineral in F-rich granitic rocks, associated to 

pneumatolithic/hydrothermal events [4 ― 7]. The crystal structure of 

topaz was first solved by Alston and West (1928) and Pauling (1928) 

[8, 9]. Later, several studies have been devoted to the crystal 

chemistry and physics of topaz along the solid solution Al2SiO4F2–

Al2SiO4(OH)2 [8 ― 23]. For natural topazes, with OH/(OH+F) < 0.5, 
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the crystal structure is described by the Pbnm space group, with one 

H-site (Fig. 1).  

In contrast, the crystal structure of the synthetic Al2SiO4(OH)2 

end-member contains two non equivalent and partially occupied 

(50%) H-sites and some evidence for a lower symmetry (Pbn21 space 

group) has been reported by Northrup et al. 1994 and Chen et al. 2005 

[18, 23]. The thermal expansion of topaz was first described by 

Skinner [24] by means of in situ X-ray powder diffraction. Later, the 

thermal and pressure behaviour of a natural topaz 

(Al2.01Si1.00O4F1.57(OH)0.43) was investigated by Komatsu et al. [25] by 

means of in situ X-ray single-crystal diffraction. The high pressure-

lattice parameters have been measured up to about 6.8 GPa. The bulk 

modulus has been calculated on the basis of the volume data collected 

up to 6.2 GPa with a truncated second-order Birch-Murnaghan 

equation-of-state (II-BM-EoS, Birch 1947) [26], i.e. with the bulk 

modulus value fixed to 4. The calculated bulk modulus , 154 GPa, 

significantly differs from the elastic stiffness, 174.3 GPa, obtained for 

a natural topaz. 

 

Fig. 1. The crystal structure of Topaz: (a) Topaz has an orthorhombic 

crystal structure. The chains of aluminum octahedral are normal to 

the c axis. (b) Aluminum octahedral has 1 aluminum atom, 4 oxygen 

atoms, and 2 fluorine/hydroxyl atoms. (c) Silica tetrahedral has 1 

silica atoms and 4 oxygen atoms. 
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Topaz is an orthorhombic mineral. This means that in crystal 

lattice, each unit cell is shaped like a rectangle. In crystallography the 

unit cell sides are named a, b and c, with a being the side that comes 

out towards you, b being the side that goes to right, and c being the 

side that goes up. In cube a = b = c, but in an orthorhombic mineral a 

≠ b ≠ c. However, all the angles are 90° like in a cube [27]. 

Because the length, width and height of each unit cell are 

different, topaz has three refractive indices. A refractive index is a 

number that represents how much light is slowed down as it passes 

through a substance. The higher the number, the more the light is 

slowed down. The refractive index for air is 1, and for water is 1.53. If 

material has more than one refractive index, it means that in such 

material light will travel at different velocities depending on direction. 

The refractive indices for topaz in directions a, b and c are na = 1.606 

− 1.634, nb = 1.609 − 1.637, and nc = 1.616 − 1.644 respectively. The 

refractive index for light traveling along c is highest, because c is the 

longest edge. The light has to travel through more material going in c 

direction, so it gets slowed down more.  

These refractive indices are given in a range, instead of just as 

one number, because they vary depending on how much OH exist in 

the topaz. The chemical formula for topaz is Al2[SiO4](OH,F)2. The 

comma between OH and F means that hydroxyl can be interchanged 

with fluorine in the lattice and the mineral will still be topaz. The 

more hydroxyl there is the higher the refractive indices will be. 

The birefringence of topaz is 0.008 − 0.011. Birefringence is 

simply the difference between the highest refractive index and the 

lowest refractive index. The birefringence for topaz is rather low 

compared to that of other minerals. 
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Topaz is biaxial mineral. This means it has two optical axes. An 

optical axis is a special line that when you cut the mineral exactly 

perpendicular to it (so that you are looking straight down it when you 

look at a thin section of the mineral), the two sides of the unit cell in 

the plane directly below you will be equal, and light will be slowed 

down by the same amount in every direction (all refractive indices 

will be similar). The angle between these two optical axes varies with 

different biaxial minerals, and is called 2V. For topaz 2V = 48 − 68°. 

The angle is smaller if there is more OH is in the mineral. 

Topaz is also designated as being biaxial "positive," instead of 

biaxial negative. Being biaxial positive means that the acute part of 

the 2V angle is bisected by the Z axis (which is the axis upward in the 

c direction). A biaxial negative mineral would have the acute angle 

between its optic axes bisected by the X axis (the axis to the right in 

the b direction). 

Topaz has density of 3.49 − 3.57 g/cm
3
 and it is lighter when it 

has more OH. This range is about average density for minerals. The 

density of quartz, an average mineral, is 2.65 g/cm
3
.  

Topaz has Mohs hardness of 8, which makes it one of the 

hardest minerals. Mohs hardness for minerals is reported on a scale of 

1 to 10 with the hardest mineral (diamond) being 10 and the softest 

(Talc) being 1. Glass has a hardness of 5.5. A mineral can only scratch 

something less hard than it, and can only be scratched by something 

harder than it. 

Topaz has perfect cleavage in the (001) plane, which is the 

plane that is pierced through by c but not by a or b − in other words, 

the plane perpendicular to c. This means that its bonds have natural 

weakness in c − direction, and it breaks easily and smoothly along 

(001). This kind of cleavage is also called basal cleavage. 
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Topaz is an orthosilicate, which means it is composed of 

isolated silica tetrahedral. A silica tetrahedron SiO4 molecule that has 

one silicon atom in the middle surrounded by four oxygen atoms 

sticking out at 119° to each other, making up the four corners of a 

tetrahedron. Silica tetrahedral is the building blocks of all the silicate 

minerals. In topaz, these tetrahedral do not touch each other directly, 

but are surrounded by Al atoms which bond to the O atoms in the 

silica tetrahedral as well as to (OH) or F ions. 

The main features of topaz when compared with other minerals 

are its hardness, cleavage, low birefringence, positive optical sign and 

moderate 2V angle. In addition, it shows high relief, which means its 

edges stand out distinctly from the surroundings when it is viewed 

under a microscope. It can be pleochroic, which means it changes 

color when it is rotated under the microscope. 

The mineral is also distinguished by the fact that its cleavage 

trace is parallel to the fast ray. Under the microscope, minerals will 

have dark straight lines going in the direction of their cleavage. These 

lines are called the cleavage trace. When light enters any mineral, it is 

split into two rays, and one travels faster than another. The direction 

of the fast ray is an optical property of a mineral. In topaz, this ray 

travels parallel to the cleavage trace. 

These properties allow topaz to be distinguished from similar 

minerals like andalusite, melilite, vesuvianite, quartz and feldspars. 

NMR method was used only a little for studies of topaz. The 

angular dependence of the 
27

Al NMR spectrum was measured for 

single crystals of smoky and colorless topaz, Al2SiO4(F,OH)2. Smoky 

topaz was obtained by irradiating high energy neutrons to colorless 

topaz. The quadrupole coupling constant e
2
Qq/h and the asymmetry 

parameter  were obtained from the analysis of the angular 

dependences of quadrupole splitting of the 
27

Al NMR spectrum. The 
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local structures around the aluminum atoms in smoky and colorless 

topaz were discussed based on the magnitude and the direction of the 

electric field gradient (EFG). The directions of principal axes of the 

EFG tensor of 
27

Al were close to the directions of Al – O and Al – F 

bonds. The difference in the bond lengths between Al(1) – F(1) and 

Al(1) – F(2) was found to affect the x and y components of the EFG 

tensor. 

For topaz – OH the 
1
H MAS NMR (magic angle spinning of 

nuclear magnetic resonance) spectra contain an asymmetric peak with 

maximum at 4.1 ppm and a tail at higher frequency, suggesting the 

presence of more than one H local environments, all with relatively 

weak hydrogen bonding. The 
1
H – 

29
Si CP (cross polarization) MAS 

NMR spectra show an asymmetric peak with a maximum near  –83.3 

ppm and a tail at higher frequency. Because there is only one unique 

Si site in the reported crystal structure (Wunder et al.,1993) [19], this 

is indicative of structural disorder in topaz − OH that may be related 

to the H distribution. 

 

1.3. Crystal Structure 

 

The crystal structure of topaz was determined independently by 

Alston and West [8] and Pauling [9]. The topaz structure is made up 

of silica tetrahedral and aluminum octahedral. Topaz is a nesosilicate 

(orthosilicate). In nesosilicate structure, the tetrahedral do not share 

oxygen with other tetrahedral. In the case of topaz, the silica 

tetrahedral shares each of their oxygen with aluminum octahedral 

[31]. The aluminum octahedral are joined by shared edges (edges with 

2 oxygen) creating kinked chains normal to the c axis, meaning z 

crystallographic axis. This arrangement creates alternating close-
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packed layers of O, F and O normal to the b axis. Topaz belongs to 

the orthorhombic crystal system. It is in the space group Pbnm. Topaz 

has Pbnm space group when the fluorine-hydroxyl sites are equivalent 

and the structure is disordered. Ordering in relation to hydroxyl 

content was suggested by Akizuki et al. (1979) [12] to explain 

anomalous optical properties in some topaz.  

There parameters of the unit cells and atomic positions are 

different for natural topazes with different deposit (see Table 1) 

Tabl.1 

Parameters of the unit 

cell 
242 FSiOAl  242 )(OHSiOAl  

a(Å) 4.652 4.720 

b(Å) 8.801 8.920 

c(Å) 8.404 8.418 

 

The structural data obtained in work [2] by X-ray spectroscopy 

have been used in this work for calculation EFG and distributions of 

electronic density in crystals of a topaz (Al2SiO4F2). The lattice 

parameters of this structure are:  

a = 8.8116  0.0002 
0

A     b = 16.6946   0.0004
0

A   c = 15.8481 

 0.0003 
0

A  

Positions of basic atoms also are presented in Table 2. 

 Tabl.2 

index atom valence x y z 

1 Al(8a) Al
3+

 0.9047 0.1309 0.0817 

2 O(4c) O
2-

 0.7963 0.5321 0.25 

3 F(8a) F
1-

 0.9006 0.7533 0.0599 

4 Si(4c) Si
4+

 0.4005 0.9409 0.25 

5 O(4c) O
2-

 0.4531 0.7559 0.25 

6 O(8a) O
2-

 0.7904 0.0108 0.9069 
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Trace Elements 

Generally, topaz has only few trace elements. Germanium 

substituting for Si has concentration in the range of 200 – 400 ppm. Cr 

substituting for Al, can range in concentration from 20 ppm to 500 

ppm. Mn usually has concentrations less than 30 ppm. For the 

elements B, Li, and Na concentrations of > 100 ppm have been 

reported but normal ranges for these elements are 40 – 60 ppm. Other 

elements found in topaz include Nickel (80 ppm), V (< 20 ppm), and 

Cobalt (< 8 ppm). Radiogenic helium was reported in topaz obtained 

from Volyn region of Ukraine [31]. 

 

F-OH substitution  

Isovalent isomorphism is observed between F and OH ions, and 

their relative amounts in different crystals can strongly vary. The 

difference between relative contents of ions is one of the reasons why 

topazes form with different colors. It is still a question whether 

hydrogen enters into hydroxyl’s structure or replaces atoms of 

fluorine in crystal lattice. Ratio between amount of fluorine and 

hydrogen can be defined from relations between integral intensities on 

NMR spectra.  

In solid-state physics, the electric field gradient (EFG) measures 

the electric field gradient at an atomic nucleus generated by the 

electric charge distribution and the other nuclei. The EFG couples 

with the nuclear electric quadrupole moment of quadrupolar nuclei 

(those with spin quantum number more than half) to generate an effect 

which can be measured using nuclear magnetic resonance (NMR). 

EFGs are highly sensitive to the electric density in the immediate 

vicinity of a nucleus. This sensitivity has been used to study influence 

of substitution, weak iterations, and charge transfer on charge 

distribution. 
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1.4. Influence of quadrupol interaction on NMR spectra 

  Nucleus, which have spin I  > 
2

1
 do not have spherical 

symmetry; therefore their charge density distribution should be 

described using multipole moments of a different rank. As it is 

known, charge distribution inside the nucleus is characterized by the 

center of inversion and it cannot have vectors properties and, hence, 

nucleus cannot have dipole electric moment and other uneven 

moments of higher order. This is proves by experiment. 

  The electric moment of a nucleus is quadrupole moment. If a 

particle or system of particles have symmetry axes it means that the 

main axes of any tensor, will be directed on symmetry axes, and the 

tensor itself will have a diagonal form. Tensor of quadrupole moment 

of nucleus in coordinate system which z-axis coinciding with direction 

a symmetry axis of the infinite order


C , and two other coordinate 

axes with direction of two mutually perpendicular axes of symmetry 

of the second order, axis-symmetric  )(   yyxx eQeQ and diagonal: 

   

























zz

xx

xx

eQ

eQ

eQ

eQ

00

00

00

.    (1) 

The sum of diagonal members of the tensor of quadrupole moment is 

zero: 

   
,0 

zzyyxx eQeQeQ
    (2) 

The magnitude 

zzeQ determines the deviation of density distribution of 

a charge inside the nucleus from spherical symmetry. 

 A nucleus in the condensed matter is in environment of 

electrical charged particles such as other nuclei and electrons. These 

charges create non-uniform local fields. Because the nucleus sizes are 
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small in comparison with distances to the nearest charged particles, its 

interaction with environment can be presented as interaction nuclear 

quadrupole moments. Coulomb interaction energy of nuclear charge 

with intracrystalline electric field corresponds to an optical 

frequencies not get in frequencies considered in a nuclear magnetic 

resonance. Thus, interaction between nuclei with the electric fields 

created by the neighbours, can be described like interaction between 

nuclear quadrupole electric moments with field gradients.  

Effective Hamiltonian of quadrupole interactions in the 

coordinate system connected with the main tensor axes of an electric 

field gradient can be written in the form 

)).ˆˆ(
2

ˆˆ3(
)12(4

ˆ 2222
2

 


 IIII
II

qQe
H zQ


   (3) 

zzV  is main component of an electric field gradient and is designated 

by eq , and |V|/|VV|
zzyyxx

  is asymmetry parameter and is indicated 

through  . Knowing the components of electric field gradient it is 

possible to define electric structure of a crystal, using not empirical 

calculation methods. 

Experimental value of the tensor of electric field gradients can 

be obtained from spectra of a nuclear magnetic resonance, using a 

method of single rotation of a crystal in a magnetic field.  

First order perturbation theory gives 2I, the magnetic resonance 

frequencies, and for crystal with axial symmetry we have: 

)12](
2

1
cos)2/3)[(/3( 2

01  mhAmm  ,    (4) 

where )2/(00  H  is the resonance frequency without the 

quadrupolar perturbation, 12 )]12(4[  IIqQeA  is the quadrupolar 

coupling constant, and   is the angle between the  main axis z of EFG 

tensor and H0. 
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2. EXPERIMENTAL PART 

2.1. Amount of fluorine and hydrogen atoms in crystals of a 

topaz measured by nuclear magnetic resonance method 

 

Using nuclear magnetic resonance (NMR) were investigated 

four topaz samples: wine, wine irradiated, blue and colorless. Spectra 

on nuclei 
1
H and 

19
F have been measured on a spectrometer of wide 

lines РЯ-2301 with two methods, in the first way frequency of the 

generator remained constant and the magnetic field changed, in the 

second way the magnetic field was constant and frequency was 

changed. Ratio of integral intensities did not change within the limits 

of error. The axis "c" is parallel to the external magnetic field for all 

NMR spectra. The modulation amplitude was 2.2 Gs. Because of 

small intensity of NMR spectra on nuclei of hydrogen 
1
H, each 

spectrum was recorded 4 times and results were averaged. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. NMR spectra for 
1
H and 

19
F for colorless sample(

19
F 

more intensive). 
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Fig. 2. NMR spectra for 
1
H and 

19
F for wine sample (

19
F more 

intensive). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. NMR spectra for 
1
H and 

19
F for wine irradiated sample(

19
F 

more intensive). 
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Fig. 4. NMR spectra for 
1
H and 

19
F for blue sample. 

 

Relations of integral intensities for each sample are collected in Table 3. 

 

 Tabl.3 

Integral intensity H/F 

Blue topaz 0.025±0.002 

Natural wine topaz 0.020±0.002 

       Wine irradiated topaz 0.064±0.006 

Colorless 0.014±0.001 

 

We can see from the Table that relations of integral intensities 

of fluorine and hydrogen differ for crystals of different color. In 

particular, for the wine irradiated topaz this parameter the highest, in 

comparison with other samples. At the given level of investigations it 

is too complicated to explain the reason of such difference. It is 
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possible to assume, that as a result of an irradiation of a wine topaz, 

structural defects were formed in the crystal lattice of the sample, 

therefore probably, hydrogen, has taken free positions.  

 

2.2. Experimental definition of the component of electric field  

gradient tensor 

 

Also we defined electric field gradients by experiment and ab 

initio calculations. Ab initio calculations of electric field gradients 

were based on the functional density method in a pure topaz crystal. 

For experimental measurement of the component of electric field 

gradient tensor was used a method of unique rotation. 

 

Unique rotation method 

 

The electric field gradient (EFG) is a symmetric tensor of 

second rank with zero trace and has only five independent 

components which are necessary for determination of NMR spectra. 

Experimentally we can find the components of the tensor in the 

random coordinates system, which are defined, as a rule, by a facet of 

a crystal. Results are represented in the form of main component 

values of EFG tensor )(eq , asymmetry parameter )(  and direction 

cosine, which is defining direction of the main axes of EFG tensor 

relative to crystallographic coordinate systems.  

The method of unique rotation can be applied only when in a 

crystal exist crystallographically, but not magnetically, equivalent 

positions occupied by nuclei from which the NMR spectrum is 

observed. In the method of unique rotation measurement the 

orientation dependences is used at crystal rotation around a unique 
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axis. The direction of a rotation axis should not be perpendicular to 

the plane of symmetry, reflection in which translates one magnetic-

nonequivalent position of a nucleus in another, and there should not 

be in parallel axes of the symmetry translating one position, occupied 

with researched nuclei, in another. 

Now we consider definition of component electric field gradient 

tensor. Using as an example a topaz crystal in which there are four 

magnetic-nonequivalent positions of a nucleus, which transform one 

in another at reflection in three planes of symmetry. In other words, 

coordinates of one position transform to coordinates of the second 

crystallographic position at reflection in symmetry planes which in 

our case coincide with crystallographic planes. In this case EFG 

tensor corresponding to these magnetic-nonequivalent positions, in 

crystallographic to system of coordinates ,,, cba  can be written as 

follows: 
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  (10) 

 

Here Vcr is EFG tensors in crystallographic coordinate system 

corresponding 4 magnetic nonequivalent magnetic positions. 

For definition of a component of electric field gradient tensor 

we rotated the crystal around some axis z. z-direction relative to 

crystallographic systems of coordinates we shall set Euler's corners 

(δ,γ) (Fig. 5). Y-axis of the coordinates system is connected with 

rotation plane of a crystal in a magnetic field. It is possible to accept a 
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direction of line along which are crossed crystallographic plane (ab) 

and a plane, perpendicular to z-axes of rotation of a crystal (Fig. 6).  

 

Fig. 5. Scheme of the experiment 2. 

Orientation dependence of the splitting of the first satellites )(   for 

each of 4 nonequivalent positions of investigated nucleus at rotation 

of a crystal can be presented in the form of: 

)),2cos((
)12(

3
2 )41(

0

)41()41()41(  


 zzzz DA
II

eQ



  (11) 

where    

              ;
2

1 )41()41(   zzz VA ;)()( 2)41(2)41()41(   zzz CBD   (12) 

;)41()41()41(

0

  zzz BCtg );(
2

1 )41()41()41(   yyxxz VVB      (13) 

;)41()41(   xyz VC   is difference between satellite frequency 

The corner z is counted from a y-axis. Usually the direction of an axis 

y is unknown and the turning angle of a crystal in a magnetic field is 

set by a corner ,z counted relative to arbitrary direction. If in a crystal 

structure exist three planes of symmetry which coincide or are parallel 

to crystallographic planes, on NMR spectra it is possible to find a 

direction of y-axis, and to count a rotation angle from it. In our case, 

at arbitrary orientation of a crystal in a magnetic field the NMR 

spectrum will consist of nine lines concerning different magnetic-
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nonequivalent positions of investigated nucleus: center line and eight 

first satellites. Center line from nonequivalent site nuclei will join 

each other if quadrupole coupling is a little. If magnetic field is 

parallel to a symmetry plane, coinciding with a plane )(ab , lines in a 

NMR spectrum will merge in pairs. Last statement becomes obvious 

if to consider rotation of a crystal around crystallographic c-axes. In 

this case in formulas (12) and (13) it is necessary to replace indexes x, 

y, z with indexes a, b, c accordingly. Then, as follows from (10)  

          ;
2

1)41(

ccc VA  );(
2

1)41(

bbaac VVB  ,VC ab

)(

c 21 .VC ab

)(

c 43     (14) 

Hence, in a NMR spectrum instead of eight satellites lines will be 

observed only four. Similar situation is observed when rotating around 

a and b axes. At rotation of a crystal around of any z-axis, at some 

orientations the magnetic field will be in parallel to one of the 

crystallographic planes (Fig. 6) and therefore at such orientations the 

line will merge in to pairs. 

 

Fig. 6. Scheme of experiment 

When we determine the angle  for such orientations in a 

magnetic field, we can find angles of a triangle formed by crossing of 

symmetry plane and plane, which is perpendicular axis of rotation. 

Knowing these angles, it is easy to find a direction of rotation axis of 

a crystal in a magnetic field. 
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Angular dependence of 
27

Al NMR spectra has been measured 

for a monocrystal of a natural blue topaz, Al2SiO4 (F, ОH)2. Spectra 

have been received on a spectrometer of wide lines РЯ-2301 on 

frequency of 10.6 MHz. The sample was installed in goniometer to 

rotate the crystal around the chosen axis, perpendicular to an external 

magnetic field.  

 

Examples of spectra are resulted in Fig. 7. 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Examples of NMR spectra on 
27

Al when rotating the sample in 

a magnetic field. 

 

As far as we can judge from Fig. 7, in a NMR spectrum in a 

crystal of a blue topaz is observed four satellites corresponding to 
27

Al 

transitions m = ±3/2↔±1/2 and the central line (m = ½↔–½). 

Satellite lines are strongly widened because neighboring satellite pairs 

overlap each other. It means that the direction of rotation axis, which 

we are choosing, coincides with one of the crystallographic axes. 

Position of the central peak does not move with rotation of the 

sample. This allows to make a conclusion that quadrupole interaction 

is negligible compared to Zeeman interaction. At calculation of NMR 

spectra it is possible to discard the second order of the perturbation 

-300 -200 -100 0 100 200 300
-12

-10

-8

-6

-4

-2

0

2

frequency (kHz)

in
te

n
s
it
y
(r

e
l.
u

n
it
s
)

0 grad

10 grad

70 grad

80 grad

160 grad

170 grad



 

 

25 

theory. Intensities of satellite peaks at transition m = ±5/2 ↔ ±3/2 

practically are not visible on the measured spectra. Therefore, we 

analyzed only peaks at m = ±3/2 ↔ ±1/2 transitions. There is also 

displaced a line on the spectrum, which shifted relate to the central 

line 
27

Al on 200 KHz. We identified this line, as a line from nucleus 

63
Cu in the copper coil in which the sample is placed. To make a 

conclusion about this line we have record a NMR spectrum for a 

reference liquid sample containing the liquid aluminium (not hot), 

placed in the same coil and result has proved to be true. 

We divided the lines, overlapped satellites and orientational 

dependence of shifts of NMR lines. This is represented on Fig. 8. 
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Fig. 8. Orientation dependence of shifts of NMR lines. 

  

From the orientation dependences we find corners of the 

triangle, forming a plane, perpendicular rotation axes, and then a 

direction of an rotation axis. 

From approximation orientation dependences, we have found values 

)41()41( , 

zz DA  and ,)41(

0



z  and have calculated sizes 
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,)41( 

zzV 2)41(2)41()41( )()(   xyyyxx VVV  and )/( )41()41()41(   yyxxxy VVV  in the coordinate 

system connected with rotation of a crystal. Solving system from 

twelve equations it is possible to find twelve unknown values: 

,)41( 

zzV ,)41( 

xxV )41( 

xyV  for each of four non-equivalent positions. Next step 

in the method of unique rotation is transformation of tensors )41( 

crV  in 

system of coordinates x, y, z. Such transformation can be made, if are 

known direction cosine ),,( nml  of coordinates system zyx ,,  related to 

crystallographic systems :),,( cba  
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Then 

 

.1)41(
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      (16) 

Similar to orientation dependences of splitting of the first satellites in 

coordinate system zyx ,,  only three components of the tensor are 

known: )41(

,,



xyxxzzV . It is necessary to know, how they are connected with 

components crV . Such ratios for one of positions of a nucleus can be 

written in form 
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For the second position these ratio can be write in the form: 
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Similarly for the third and fourth positions. 

Thus, twelve equations to define five unknown constituents of 

components of EFG tensors in crystallographic system of coordinates 

are received. After definition of all the components of tensor of a field 
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gradient, we make diagonalization and also find its main components 

and a direction of its main axes. 

After diagonalization quadrupole interaction constants and 

asymmetry parameter have been obtained: e
2
qQ/h = 1.7 ± 0.1 MHz, 

 η = 0.4±0.1. Within the limits of an error, these values coincide with 

the results received in work [3]. 

For theoretical calculation we used software package WIEN2k 

which allows to make not empirical calculations of an electric field 

gradient, electronic structure of crystals by DFT FLAPW method, 

density of electronic states, Fermi's level, width of the forbidden zone, 

etc. 

 

2.3. The density functional theory 

 

Efficient and accurate method to solve the many-electron 

problem of a crystal (with nuclei at fixed positions) is the local spin 

density approximation (LSDA) within density functional theory. 

Therein the key quantities are the spin densities )(r in terms of 

which the total energy is 

NNxcNeeestot EEEETE  ),(),(),(),(),(   (19) 

 

where NNE  is the repulsive Coulomb energy of the fixed nuclei and the 

electronic contributions, labeled conventionally as, respectively, 

),(  sT is kinetic energy (of the non-interacting particles), 

),(  eeE  is electron-electron repulsion, ),(  NeE  is nuclear-

electron attraction, and ),(  xcE  is exchange-correlation energies. 

Two approximations comprise the LSDA, i), the assumption that Exc 

can be written in terms of a local exchange-correlation energy density 

µxc times the total (spin-up plus spin-down) electron density as 
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  drE xcxc ][*),(           (20) 

 and ii), the particular form chosen for that µxc. Etot has a variational 

equivalence with the familiar Rayleigh-Ritz principle. The most 

effective way known to minimize Etot by means of the variational 

principle is to introduce orbitals ik constrained to construct the spin 

densities as 

2

,

)()( 
ki

ikik rr 
  .    (21) 

Here, the  ik  are occupation numbers such that
k

ik 
 10  , where k  

is the symmetry-required weight of point k. Then variation of Etot 

gives the Kohn-Sham equations (in Ry atomic units), 

)()(][ 2 rrVVV ikikikxceeNe

   ,   (22) 

which must be solved and thus constitute the primary computational 

task. This Kohn-Sham equations must be solved self-consistently in 

an iterative way, since finding the Kohn-Sham orbitals requires 

information of the potentials which themselves depend on the (spin-) 

density and thus on the orbitals again. Recently exist progress going 

beyond the LSDA by adding gradient terms of the electron density to 

the exchange-correlation energy or its corresponding potential. This 

has led to the generalized gradient approximation (GGA) with various 

parameterizations. A recent version the evaluation of the exchange-

correlation energy not only the gradient of the density, but also the 

kinetic energy density )(r . Unfortunately, such schemes are not yet 

self-consistent. 
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Full Potential Augmented Plane Wave Methods 

 

The linearized augmented plane wave (LAPW) method is 

among the most accurate methods to perform electronic structure 

calculations for crystals. It is based on the density functional theory 

for the treatment of exchange and correlation and uses e.g. LSDA. 

Several forms of LSDA potentials exist in the literature, but recent 

improvements use the generalized gradient approximation (GGA) are 

available too. For valence states relativistic effects can be included 

either in a scalar relativistic treatment or with the second variational 

method including spin-orbit coupling. Like most ―energy-band 

methods―, the LAPW method is a procedure for solving the Kohn-

Sham equations for the ground state density, total energy, and (Kohn-

Sham) eigenvalues (energy bands) of a many-electron system (here a 

crystal) by introducing a basic set which is especially adapted to the 

problem. 

 

Fig. 9: Partitioning of the unit cell into atomic spheres (I) and an 

interstitial region (II). 

 

In this adaptation the unit cell is divided into (I) non-

overlapping atomic spheres (centered at the atomic sites) and (II) an 

interstitial region. In two types of regions following different basic 

sets are used: 
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 The APW Methods. 

 

1. Inside atomic sphere t (I), of radius Rt, a linear combination of 

radial functions times spherical harmonics )(rYlm  is used (we omit the 

index t when it is clear from the context) 

,),()],(),()([ 
lm

lmlllmlllmk
YEruBErurA

n

   (23) 

where ),( ll ErU  is the regular solution (at the origin) of the radial 

Schrodinger equation for energy lE  (chosen normally at the center of 

the corresponding band with l-like character) and the spherical part of 

the potential inside sphere t; ),( ll ErU is the time derivative of lU  

evaluated at the same energy lE . A linear combination of these two 

functions constitute the linearization of the radial function; the 

coefficients lmA  and lmB are functions of nk  (see below). lmA and lmB  

determined by requiring that this basis function matches (in value and 

slope) each plane wave (PW) lU  and lU  are obtained by numerical 

integration of the radial Schrödinger equation on a radial mesh inside 

the sphere. 

 

2. In the interstitial region (II)  a plane wave expansion is used 

,
1 rki

k

n

n

e





     (24) 

where ,nn Kkk



nK


 are the reciprocal lattice vectors and k


 is the 

wave vector inside the first Brillouin zone. Each plane wave is 

augmented by an atomic-like function in every atomic sphere. 

The solutions of the Kohn-Sham equations are expanded in this 

combined basis set of LAPW’s according to the linear variation 

method 
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 
n

knk n

C .     (25) 

Here the coefficients nC  are determined by the Rayleigh-Ritz 

variational principle. The convergence of this basis set is controlled 

by a cutoff parameter 96max KRmt , where mtR is the smallest atomic 

sphere radius in the unit cell and maxK  is the magnitude of the largest 

K  vector in equation (25). In order to improve the linearization, i.e. to 

increase the flexibility of the basic and to make possible a consistent 

treatment of semicore and valence states in one energy window 

additional kn independent basic functions can be added. They are 

called ―local orbitals (LO)― [33] and consist of a linear combination of 

2 radial functions at 2 different energies, e.g. at the 3s and 4s energy, 

and one energy derivative at one of these energies: 

).ˆ()],(),(),([ ,2,1,1 rYEruCEruBEruA lmlllmlllmlllm

LO

lm    (26) 

The coefficients lmA , lmB  and lmC  can be determined by the 

requirements that LO should be normalized and has zero value and 

slope at the sphere boundary. 

 

 

 The APW+lo method 

 

Sjostedt, Nordstrom and Singh [34] have shown that the standard 

LAPW method with additional constraint on the PWs of matching in 

value and slope to the solution inside the sphere is not the most 

efficient way to linearize Slater’s APW method. It can be made much 

more efficient when one uses the standard APW basis, but of course 

with ),( ll Eru  at a fixed energy lE  in order to keep the eigenvalue 

problem linear. One then adds a new local orbital (lo) to have enough 

variational flexibility in the radial basis functions: 
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.)()],([ ,
lm

lmllklmk
rYEruA

nn

     (27) 

).ˆ()],(),([ ,1,1 rYEruBEruA lmlllmlllm

lo

lm
   (28) 

This new lo (denoted with lower case to distinguish it from the LO 

given in Eq.  26) looks almost like the old ―LAPW‖-basis set, but here 

the lmA  and lmB  do not depend on nk  and are determined by the 

requirement that the lo is zero at the sphere boundary and normalized. 

Thus we construct basis functions that have ―kinks‖ at the sphere 

boundary, which makes it necessary to include surface terms in the 

kinetic energy part of the Hamiltonian. Note, however, that the total 

wave-function is of course smooth and differentiable. As shown by 

Madsen et al. [35] this new scheme converges practically to identical 

results as the LAPW method, but allows to reduce ― maxRK ‖ by about 

one, leading to significantly smaller basic sets (up to 50 %) and thus 

the corresponding computational time is drastically reduced (by an 

order of magnitude). Within one calculation a mixed ―LAPW and 

APW+lo‖ basis can be used for different atoms and even different l-

values for the same atom (Madsen et al. 2001). In general, one 

describes by APW+lo those orbitals which converge most slowly with 

the number of PWs (such as TM 3d states) or the atoms with a small 

sphere size, but the rest with ordinary LAPWs. One can also add a 

second LO at a different energy so that both, semicore and valence 

states, can be described simultaneously. 

 By this program the electric fields gradient has been calculated, 

the constant of quadrupole interaction (1.50 MHz) and parameter of 

asymmetry 0.86 is received. The experimental and calculated values 

of electric fields gradient tensors differ from each other. The reason is, 

apparently, that in calculations we used the ideal structure of a topaz 

which are does not contain any impurity and hydroxyl groups. The 
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constant of quadrupole interaction and eqzz – component of EFG are 

proportional to each other.  

For the analysis of separate contributions of electric fields 

gradient we have calculated density of electronic states, dependence 

of size tensor a of electric fields gradient (EFG) from radius of sphere 

inside of which are located electrons, considered at calculation of 

tensor  EFG (Fig. 10). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Dependence of size tensor of EFG from radius of sphere 

inside of which are located electrons. The values qzz, qxx, and qyy are 

defined in crystallographic system coordinates. 

 

As we can see from figure the basic contribution from tensor 

EFG are defined electrons, located inside of sphere with radius 0.4 A.  

In Figs. 11 - 15 (we have calculated density of electronic states) 

electronic density distribution on energy levels is presented: 
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Fig. 11. The contribution of s-electrons in the general 

electronic density. 
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Fig. 12. The contribution of p-electrons in the general 

electronic density. 
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Fig. 13. The contribution d-electrons in the general electronic density. 
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Fig. 14. The contribution of electrons in the aluminium atom in the 

general electronic density. 
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Fig. 15. The contribution of all electrons of crystal in the general 

electronic density. 

 

As we can see from figures, the electron contribution of all 

aluminium atoms which are exist in the unit cell in full value of 

electronic density of state (DOS) is much less than electrons 

contribution from other atoms. A qualitative analysis of contributions 

of separate electronic shell in the EFG tensor can be made from the 

calculated electronic density of states. The main contribution of 

electronic density in the EFG tensor in atom of aluminium is the 

contribution from electrons with energy close to Fermi level. 

Therefore it is possible to assume, that EFG tensor is determined p-

electrons, since value of gradients of an electric field inversely 

proportional L
3
, where L - the orbital moment of a corresponding 

shell.  

For quantitative analysis of contributions of separate 

environments in EFG tensor, we have calculated these contributions 

using package Wien2k. Total EFG tensor has following values in 

MHz in crystallographic coordinate system: 
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0.67378  0.91803 0.02621

0.91803 0.03509 -0.97305

0.02621 -0.97305 -0.70887

V

 
 

  
 
 

 

Types of tensors on all sd, pp, dd-electrons: 

pp

 0.64566 0.85214 -0.00976

V 0.85214 0.03512 -0.96601

-0.00976 -0.96601 -0.68041

 
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  
 
   

0.00636 0.00955 0.00214
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0.00214 -0.00411 -0.00666
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  
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0.00772 0.02717 0.01931

0.02717 -0.00071 -0.00575

0.01931 -0.00575 -0.00700

ddV

 
 

  
 
 

. 

Thus calculations confirm the conclusion which was made from the 

analysis of electronic density of state on energy levels: p-electrons 

give the basic contribution in EFG tensor. 
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3. SPIN-LATTICE RELAXATION TIME 

3.1. Theoretical background. 

 Natural minerals usually contain a considerable amount of 

paramagnetic impurities which might produce structural disorders. 

Those impurities act as relaxation centers for nuclear spins [28]. 

Spin-lattice relaxation time, known as T1, characterizes the rate 

at which the longitudinal component of the magnetization vector, Mz, 

recovers: 

1/

0( )
t T

zM t M e



    (29) 

M0 it is equilibrium value of the magnetization.  

The relaxation time, T1, the average lifetime of nuclei in the 

higher energy state is dependent on the mobility of the nuclei in the 

lattice. As mobility increases, the vibrational and rotational 

frequencies increase, making it more likely for a lattice field 

component to be able to interact with excited nuclei. However, at 

extremely high mobilities, the probability of a lattice field component 

to interact with excited nuclei decreases. The relaxation times for the 

same nuclei in different lattice sites can vary in wide range. The rate 

of relaxation time strongly depends on the relaxation mechanisms (see 

Table 4) 

Tabl.4 

Interaction Range of interaction 

(Hz) 

  relevant parameters 

1-Dipolar coupling 10
4
 - 10

5
 -abundance of 

magnetically active nuclei 

- size of the magnetogyric 

ratio 
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2-Quadrupolar 

coupling 

10
6
 - 10

9
 - size of quadrupolar 

coupling constant 

- electric field gradient at 

the nucleus 

3- Paramagnetic 10
7
 -10

8
 concentration of 

paramagnetic impurities 

4- Scalar coupling 10 - 10
3
 size of the scalar coupling 

constants 

5-Chemical Shift 

Anisotropy (CSA) 

10 - 10
4
 - size of the chemical shift 

anisotropy 

- symmetry at the nuclear 

site 

 

Bloembergen first performed a serie of experiments which 

outlined the main features of the paramagnetic relaxation mechanism. 

In brief, the dipolar interaction between the moment of paramagnetic 

ion and the nuclear moment gives for the nuclear spin a transition 

probability proportional to r
-6

, where r is the distance between 

paramagnetic ion and nucleus. Therefore nuclear spins lying close to 

the impurity are rapidly relaxing. Nuclear spins far from the impurity 

ion do not «feel» this direct dipolar interaction. Nevertheless, by 

exchange of energy through mutual flips with neighboring nuclei via 

the nuclear dipole-dipole interaction, nuclear magnetization can travel 

by a random walk process through the crystal toward the impurity ion.  

The bulk nuclear magnetization thus relaxes toward its equilibrium 

value in accordance with the ―spin-diffusion‖ equation, 









n

nrrMMCMD
t

M 6

0

2 )( .  (30) 

In this equation, D represents the spin diffusion coefficient, C the 

strength of the dipole-dipole interaction between paramagnetic ion 

moment and nuclear moment, and M0 the equilibrium value of the 
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nuclear magnetization [29]. The diffusion equation has been solved 

independently by de Gennes and by Khutsishvili [30], making use of 

boundary conditions applicable to dilute paramagnetic impurities. 

Their solution predicts that the magnetization relaxes exponentially 

toward its equilibrium value M0 with a time constant given by 1/T1 ~ 

N0 where N0 is the number of paramagnetic ions per cubic centimeter. 

When I = 1/2, nuclear relaxation proceeds according to the 

solutions of de Gennes, Khutsishvili and Bloembergen. For spin I > 

1/2, a description of the relaxation process can be obtained from 

solutions of the master rate equations for the populations of the master 

rate equations of the (2I+1) energy levels. In particular, interest is 

centered to the case of equally spaced energy levels and to the case of 

unequally spaced energy levels. In the former case, one would be 

expect that the concept of local spin temperature would be applicable. 

In this case the recovery of the total magnetization may be shown to 

follow a single exponential dependence, characteristic of the constants 

C and D when suitably modified by their dependence on I. In the 

second case, the magnetization recovery of an adjacent pair of levels 

is described by a linear combination of (2I) exponential functions 

whose individual characteristic times are related to C and D [29]. 

First, in the limiting case of equally spaced energy levels, these 

solutions reduce to a single exponential term; a unique spin-lattice 

relaxation time T1 can be defined. Second, even for unequally spaced 

levels, any pair of level populations recovers asymptotically to 

thermal equilibrium as an exponential with this same time constant T1 

[29]. 

In a crystal at finite temperature, lattice vibrations produce a 

fluctuating crystalline electric field, which in turn perturbs the orbital 

motion of the outer paramagnetic ion electrons [29]. 
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3.2. Experimental part 

3.2.1. Sample preparation 

In experiment were used 4 types of topazes from Volhynia, Ukraine: 2 

natural crystals (colorless and blue) and 2 irradiated samples of blue 

color with different color intensity with names sky blue and Swiss 

blue. Swiss blue sample has more intensive blue color. Further, 

topazes were crushed in a powder up to fraction of 0.2 - 0.3 mm. 

Measurements were done on powders at room temperature. Then, 

powders were heated up to temperatures: 150 
0
C, 180 

0
C, 200 

0
C, 250 

0
C, 300 

0
C, 400 

0
C and 500 

0
C. Each sample was kept in the furnace at 

each temperature for 3 hours, cooled during 12 hours and then 

measured at room temperature after cooling. 

 

3.2.2. The measurements 

Nuclear spin-lattice relaxation of 
27

Al in the topaz powders with 

different colors (natural blue, colorless, sky blue irradiated and Swiss 

blue irradiated) were investigated (150 
0
C, 180 

0
C, 200 

0
C, 220 

0
C, 

250 
0
C, 300 

0
C, 400 

0
C, 500 

0
C) by NMR method. NMR 

measurements were made by using a Bruker Avance DSX 300. The 

resonance frequency for 
27

Al was set at 78.2 MHz. The inversion 

recovery pulse sequence [-t-/2] was used in order to measure the 

spin-lattice relaxation time T1. We measured the T1 values of 
27

Al by 

exciting only the central line resonance. All relaxation curves for 4 

different samples are shown on Fig. 16. 
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Fig. 16. Relaxation curves for 4 different topaz powders with 

different colors at room temperature. 

 

 The spin-lattice relaxation is well described by the linear 

combination of three exponential functions: 
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We choose the coefficients Ci of exponent function to well 

describe the magnetization behavior. Coefficients depend on a 

condition of longitudinal magnetization after 180
0
 impulses. In our 

case there was no full inversion of magnetization, therefore we choose 

this one manually. The Ci were chosen to describe behaviour of a 

relaxation time in the best way. The initial condition was similar for 

each powdered samples, therefore also coefficients were equal in the 

limit of error.  



 

 

43 

 The contributions of quadrupole mechanism to the spin-lattice 

relaxation are negligible compared with the paramagnetic one. The 

relaxation times were different for each sample: at room temperature 

for colorless sample 11.5 ± 1 s, for natural blue sample 8.5 ± 1 s, for 

Swiss blue irradiated sample 1.1 ± 0.5 s and for sky blue irradiated 

sample 2.1 ± 0.5 s. It means that in irradiated samples there are a little 

bit more paramagnetic impurities. 

Relaxation curves for each kind of samples at different 

temperatures are presence on Fig. 17 - 20. 
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Fig. 17. Relaxation curves for powdered colorless topaz after heated 

at different temperatures. 

 

As we can see from the figure for powdered colorless topaz, no some 

changes in relaxation time values within the limit of error. It is 

possible to correlate with environmental conditions, in which the 

crystal was formed, there are no additional influence, such as 

radiation. 



 

 

44 

0 10 20 30 40

10
-1

10
0

sec

1
-M

z
/M

0

natureblue

20C

200C

220C

250C

300C

400C

500

 

Fig. 18. Relaxation curves for powdered natural blue topaz 

after heated at different temperatures. 

 

As we can see from the figure for powdered natural blue topaz, 

no some changes in relaxation time values in the limit of error.  
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Fig. 19. Relaxation curves for powdered sky blue irradiated 

topaz after heated at different temperatures.  

 

For sky blue irradiated topaz changes in relaxation time values 

were observable. In temperature below 200 
0
C no changes, but at 

temperature 220 
0
C there was increasing of relaxation time value, 

which remains constant until 500 
0
C. It was possible to correlate with 

paramagnetic centers, which were destroyed by temperature influence. 

At 220 
0
C it is possible to see small changing of topaz color. 
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Fig. 20. Relaxation curves for powdered Swiss blue irradiated 

topaz after burned at different temperatures. Lines are approximation 

by three exponential functions. 

 

For Swiss blue irradiated topaz also there are some changes in 

relaxation time values. Below 200 
0
C no changes, but at 220 – 250 

0
C 

relaxation time increases, and at 300 – 500 
0
C again T1 decreases. 

Magnetization recovery as a result of approximation is present 

on Fig. 21.  
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Fig. 21. Temperature dependence of the relaxation time.  

 

As we can see from the figure, spin-lattice relaxation time for 

irradiated samples changes in temperature range 200 – 250 
0
C.  

Exactly in this interval also topazes colors changes. For natural 

powdered topazes (without irradiation) T1 change is very negligible 

compare to irradiated samples. It is possible to correlate with amount 

of paramagnetic impurities and structural disorders. 
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CONCLUSIONS 
 

The largest value for F/OH relation was observed for the wine 

irradiated crystal of a topaz, and the smallest for colorless one. It can 

be correlated with relaxation time values, which are determined by the 

amount of the paramagnetic centers. 

We measured the constant of quadrupole coupling and 

parameter of asymmetry for natural blue sample. These values 

(e
2
qQ/h = 1.7 ± 0.1 MHz, η = 0.4 ± 0.1) coincide with the results 

received in work [32] within the limits of an error. The directions of 

principal axes of the EFG tensor of 
27

Al were near to the directions of 

Al – O and Al – F bonds. 

We calculated EFG for ideal structure of a topaz by FLAPW 

method. The calculated value of a quadrupol coupling constant 

(e
2
qQ/h = 1.50 MHz) is very close to experimentally received value 

(e
2
qQ/h = 1.7 ± 0.1 MHz), whereas the asymmetry parameter differs 

almost twice (calculated value η = 0,86 and experimental value η = 

0.4). This difference can be explained by presence of paramagnetic 

impurity and OH groups. 

For the analysis of separate EFG contributions we have 

calculated density of electronic states, dependence of EFG tensor from 

radius of sphere inside of which electrons are located. The analysis of 

density of electronic conditions and calculation of contributions of 

separate electronic environments in EFG tensor show, that the basic 

contribution in EFG tensor is given by p-electrons, and by electrons 

located inside of sphere of radius 0.4 Å. 

The measured relaxation times dependences on heating 

temperature of samples showed that colorless sample contain smallest 
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amount of the paramagnetic centers; the blue topaz contains larger 

amount of impurities. For natural samples the amount of the 

paramagnetic centers remain constant up to 500 
0
C. For the irradiated 

samples the amount of the paramagnetic centers changes when 

temperature change in a range 200 – 250 
0
C. 
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