
International Journal of Physics and Research (IJPR) 

ISSN 2250-0030 

Vol. 3, Issue 1, Mar 2013, 5-10 

© TJPRC Pvt. Ltd. 

 

 

ULTRASONIC STUDIES OF ELASTIC PROPERTIES OF LITHIUM YTTRIUM FLUORIDE 

IKRAM JAMEEL ABDUL GHANI 

Department of Physics, College of Education for Pure Sciences, University of Baghdad, Baghdad, Iraq 

 

ABSTRACT 

               Mechanical properties (elastic constants, elastic compliances, Bulk modulus, Young modulus and linear 

compressibilities) of fluoride scheelite LiYF4 which belongs to TII Laue crystals have been measured at room temperature 

using ultrasonic pulse superposition technique. The sign of C16 is found to be negative. 

              For all directions in the [001] plane there is a root ρV
2
 = C44 to the Christoffel equation which corresponds to a 

pure shear mode with particle motion along the [001] direction. For all propagation direction in the (001) plane, the sum of 

the squares of the velocities of the quasi – longitudinal and quasi – shear modes is equal to (C11 + C66)/ρ. The present 

results have been compared with previous experimental and theoretical results and with some oxide scheelites.  
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INTRODUCTION 

              Researches on LiYF4 crystals are strongly linked to laser technology [1]. The first structural data obtained by 

Thomas et al. [2] data in 1961, just one year after demonstration of the first laser. Due to its importance as host materials 

for laser applications, undoped or doped LiYF4 was extensively studied during the last years [2-4]. Concerning the phase 

transition is now commonly accept that from 30K to 1000K scheelite phase (I41/a, z=4) is stable [5]. So, at ambient 

pressure, the crystal cell of LiYF4 is tetragonal with space group I41/a (C
6

4h). This phase is commonly named the scheelite 

structure in reference of CaWO4 crystal [1]. LiYF4 displays several structural phase transitions [6-8] upon compression.  

Most of recent studies were performed at ambient pressure conditions, so the transition pressure as well as the high 

pressure phase remains to be investigated in more detail.  Hydrostatic pressure studies have done [1, 9] from 0 Gpa to 16 

Gpa on second order elastic constants and thereby showed the first acoustic mode softening. 

              Scheelite structure crystals (space group C
6

4h –I41/a) have 4/m (TII) Laue symmetry about an orthogonal axial set 

of which only the four-fold axis is conventional crystallographic axis [10]. In previous studies [11] of oxide scheelite 

(CaWO4, CaMoO4, SrMoO4 and PbMoO4) the orientations of the acoustic symmetry axis in the Z plane have been 

determined from elastic constants data and have been related to the atomic arrangement in the crystals [11].  Fluorine 

compounds tend to be more ionic than those containing oxygen which influence the elastic behavior and acoustic 

symmetry for scheelite structure crystal [12]. 

              The major aim of this work is to obtain the elastic constants, Young modulus, Bulk modulus and linear 

compressibilities besides the sign of C16 from the components of the elastic stiffness tensor of the fluoride scheelite LiYF4 

at room temperature using ultrasonic pulse superposition technique [13, 14]. The present experimental results have been 

compared with the previous work [12, 15] applying different technique.  

THEORETICAL 

               It is usual practice in work on the centrosymmetrical, elastic stiffness (Cijkl) or compliance (Sijkl) constant tensors 

to divide tetragonal crystals into two Laue groups: 4/mmm (TI), 4/m (TII).  In conventional, crystallographic axial system, 
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the higher symmetry crystals which belong to the (TI) Laue group (constituting point groups 4mm, 422, 42m, 4/mmm) 

have six independent elastic stiffness constant tensor components usually represented in matrix notation 11→1, 22→2, 

33→3, 23(32)→4,13(31)→5, 12(21)→6 [12,15]. 

  C11 C12 C13 0 0 0 

  C12 C11 C13 0 0 0 

Cij =  C13 C13 C33 0 0 0                                      (1) 

  0 0 0 C44 0 0 

  0 0 0 0 C44 0      

             

  0 0 0 0 0 C66 

The reference orthogonal, right handed, axial set (+X, +Y, +Z) includes the Z-axis parallel to the fourfold axis and 

the X and Y-axes are then in the Z plane along the a and b crystallographic axes. The presence of vertical planes of 

symmetry and/ or diad axes in the Z plane imposes the concitation that C16 and S16 should be zero. This is not to TII Laue 

symmetry crystals (comprising point groups 4, 4 and 4/m) for which the elastic stiffness constants matrix referred to the 

crystallographic axis (X, Y, Z) reference frame is [12, 15, and 17]. 

  C11 C12 C13 0 0 C16  

  C12 C11 C13 0 0 -C16 

Cij =  C13 C13 C33 0 0 0                                                   (2) 

  0 0 0 C44 0 0 

  0 0 0 0 C44 0 

  0 -C16 0 0 0 C66 

 The non-zero value of C16 and S16 in the TII Laue symmetry give raises an apparently more complicated elastic 

behavior for such crystals than that in solids with TI Laue symmetry.  

              Stiffness and compliance are matrix reciprocals, the seven independent components of each are related by [17]: 

S11 = [(C33/C1) + (C66/C2)]/2, S12 = [(C33/C1) – (C66/C2)]/2, (S11 + S12) = [C33/C1], (S11 –S12) = [C66/C2] 

S13 = - [C13/C1], S16 = - [C16/C1], S33 = [(C11/C12)/C1], S66 = [(C11/C12)/C2], S44 = 1/C44                                                       (3)                         

C1 = C33 (C11 + C12) – 2C2
13, C2 = [C66 (C11 – C12) -2C2

16] 

              For TII Laue crystals, Young modulus; the ratio of applied longitudinal stress to resultants longitudinal strain, is 

given for stress in a direction with direction cosines ni by [12]. 

[(n1
4 + n2

4) S11+n3
4S33 +n1

2 n2
2 (2S12 + S66) +n3

2 (1 –n3
2) (2S13 + S44) +2n1 n2 (n1

2 – n2
2) S16]

1/2                                                             (4) 

Bulk modulus, the ratio of normal stress to the volumetric strain, within the elastic limit [15] is given by: 

B = 1/9(C11+C22+C33) + 2/9 (C11+C13+C23)                                         (5) 

Linear compressibilities are given by [12]: 

Βz = 2S13 + S33  βxy= S11 + S12 + S13                                                                                                          (6) 

EXPERIMENTAL 

              The high – perfection Lithium Yttrium Fluoride (LiYF4) single crystal used in this study in sense of Z-axis for 

ultrasonic studies.  It was aligned crystallographic direction.  Ultrasonic wave (10MHz) transit times were determined to 
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better than 1 part in 10
4
 by ultrasonic pulse superposition technique [13, 14] at room temperature and ambient pressure.  To 

calculate the elastic constants from ultrasonic wave velocity data, a density for LiYF4 of 3.99x103 kg.m-3 obtained by using 

the lattice parameters a = 5.16 Ǻ and C = 10.75 Ǻ [1].  For ultrasonic measurements, gold plated quartz transducers X 

(longitudinal) and Y (shear) cut transducers with resonance frequency of 10 MHz and with diameters of 6 mm and 4 mm 

have been used were cemented to specimen with non- aqueous stopcock grease and also phenyl salicylate have been found 

to be suitable for bonding at room temperature.   

RESULTS 

              The velocities V and polarizations u0k of the three bulk elastic waves which can be propagated along 

crystallographic direction obtained from eigenvectors of Christoffel equations: 

 (Lik – ρV2
) u0k = 0            (i, k = 1, 2, 3)                                                             (7) 

where Lik are the Christoffel coefficients.  The relationship between the ultrasonic wave velocity V and the elastic 

stiffness constants Cij obtained using equation (7) for the wave propagation direction (n) employed in the measurements 

made on LiYF4 are collected in Table 1. The Christoffel Coefficients for propagation at any arbitrary angle measured from 

[100] towards [010] are mentioned in [12]. 

Table 1: The Relationships between the Ultrasonic Wave Velocities V and the Elastic Stiffness Constants Cij 

 
Direction of 

Propagation 
Mode Polarization 

Veloc

ity 
Relationship between Velocity and Elastic Constants 

0,0,1                  pure long       001 direction        V1 ρV1
2
=C33 

0,0,1 pure shear (001) plane V2 ρV2=C44   

1,0,0 Pure shear 

 

001 direction 

 

V3 ρV3=C44 

1,0,0 quasi-long (001) plane V4 ρV4
2
=0.5{(C11+C66)+[(C11-C66)

2
+4C16

2
]

1/2
} 

1,0,0 quasi-

shear 

(001) plane V5 ρV5=0.5{(C11+C66)-[(C11-C66)
2
+4C16

2
]

1/2
} 

1/√2,1/√2,0 pure shear 001 direction V6 ρV6
2
=C44 

1/√2,1/√2,0 quasi-long (001) plane V7 ρV7
2
=0.5{(C11+C66)+[(C12+C66)

2
+4C16]

1/2
} 

1/√2,1/√2,0 quasi-

shear 

(001) plane V8 ρV8=0.5{(C11+C66)-[(C12+C66)
2
+C16

2
]

1/2
}  

0,1/√2,1/√2 quasi-long  V9 ρ(V9
2
+V10

2
+V11

2
)=0.5(C11+C66+C33+4C44) 

0,1/√2,1/√2 quasi-

shear 

 V10 ρ2
(V9

4
+V10

4
+V11

4
)=1.25C44

2
+0.25C33

2
+0.25C11

2
+0.25C66

2 

+0.5C13
2+0.5C16

2+0.5C44 (C11+C66+C33+2C13) 

0,1/√2,1/√2 quasi-

shear 

 V11 ρ2
(V9

4
+V10

4
+V11

4
)=1.25C44

2
+0.25C33

2
+0.25C11

2
+0.25C66

2 

+0.5C13
2
+0.5C16

2
+0.5C44 (C11+C66+C33+2C13) 

 1/2,√3/2,0 pure shear 001 direction V12 ρV12
2
=C44 

1/2,√3/2,0 quasi-long 

 

(001) plane 

 

V13 ρV13
2
=0.5(C11+C66)+{[0.5(C66-C11)+√3C16]

2 

+4[(√3/4)(C12+C66)-0.5C16]
2
}

1/2
 

     

1/2,√3,0
 

quasi-long 
 

(001) plane 
 

V14
 ρV14

2
=0.5(C11+C66)-{[0.5(C66-C11)+√3C16]

2 

+4[(√3/4)(C12+C66)-0.5C16]
2}1/2 

 

Wave propagation in the (001) plane (direction cosine n3 = 0) is particularly relevant to the acoustic symmetry.  

For all directions in the (001) plane there is a root ρV
2
= C44 to the Christoffel equation (7) which corresponds to a pure 

shear mode with particle motion along the [001] direction.  For all propagation directions in the (001) plane, the sum of the 

squares of the velocities of the quasi – longitudinal and quasi shear modes is equal to (C11 + C66)/ρ. 

              Table 2 shows the comparison between the measured present experimental ultrasonic velocities of LiYF4 and 

some oxide scheelites velocities [1, 12].  Table 3 listed the present experimental values of elastic stiffness constants, elastic 
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compliances, Young modulus, Bulk modulus, and volume and linear copressibilities calculated from the relationships of 

elastic constants and ultrasonic velocities in Table 1 and compared with the previous values determined by different 

technique [12, 15] for LiYF4 and some oxide scheelites.  The comparison shows good agreement but with slight difference 

with oxide scheelites. 

Table 2:  Measured Sound Velocities (10
3
 m s

-1
) of LiYF4 Compared with Some Oxide Scheelites 

 

V LiYF4 [a] LiYF4 [12] LiYF4 [1] CaWO4 [12] SrMoO4 [12] 

V1 6.34 6.24 6.579 4.56 4.68 

V2 3.16 3.2 2.976 2.34 2.80 

V3 3.16 3.2 3.109 3.36 2.75 

V4 5.48 5.51 5.45 4.90 5.07 

V5 2.06 — 2.053 — 2.96 

V6 3.16 3.2 3.173 2.36 2.77 

V7 5.22 5.23 5.146 4.89 5.37 

V8 2.75 2.7 2.814 — 2.14 

V9 5.8 5.84 — 4.49 4.9 

V10 3.34 3.32 — 2.83 3.09 

V11 2.75 2.77 — 2.36 2.54 

V12 3.16 3.21 — 2.37 2.79 

V13 5.45 5.46 — 5.17 5.52 

V14 2.23 2.21 — 1.98 2.16 

      [a] Present work 

      [12] P. Planchfield and G.A Saunders 

                      [1] Minisini et al. (2005) 

Table 3: Comparison of Room Temperature Elastic Properties of LiYF4 with those of Oxide Scheelites Stiffness 

Constants and Bulk Moduli have Units of 10
10 

N m
-2

, Compliances and Compressibilities have Units of 10
-12

 m
2
 N

-1 

 

Stiffness Constants LiYF4 CaWO4 SrMoO4 

 [a] [12] [15] [12] [12] 

C11 12.02 12.1 11.4 14.5 11.3 

C12 6.03 6.09 5.3 6.0 6.3 

C13 5.2 5.26 6.1 4.1 3.8 

C16 -0.8 -0.77 -1.1 -2.2 -2.0 

C33 15.3 15.6 15.2 12.7 10.4 

C44 3.98 4.06 3.7 3.35 3.49 

C66 1.81 1.77 2.2 3.99 4.85 

Bulk Modulus 7.98 8 8.1 7.7 6.7 

Compliance Constants      

S11 12.94 12.8 — 10.8 18.2 

S33 8.14 7.96 — 9.01 11.4 

S44 25.06 24.4 — 29.9 28.7 

S66 62.67 63.6 — 34.4 30.4 

S12 -6.05 -6.0 — -5.22 -11.5 

S13 -3.6 -2.3 — -1.8 -2.5 

S16 3.6 3.53 — 8.65 12.1 

Volume Compressibility (βv) 12.5 12.5 — 13.1 15 

Linear Compressibility (βz) 3.4 3.4 — 5.4 6.5 

Linear Compressibility (Βxy) 4.55 4.5 — 3.81 4.27 

[a] Present work 

[12] P. Planchfield and G.A Saunders 

[15] Minisini et al. (2006) 
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DISCUSSIONS 

             The general resemblance of the elastics of LiYF4 to those of the oxide scheelites (Table 3) is evidence of a similar 

nature of the interatomic binding forces.  The shortest Li-F separation (1.9 Ǻ) in LiYF4 is somewhat larger than the 

equivalent W-O distance (1.79 Ǻ) in CaWO4, the shortest F-Y bond length (2.29 Ǻ) is rather less than the corresponding 

O-Ca distance (2.44 Ǻ). The radii of each ion in the inert gas configuration are: fluorine 1.33 Ǻ, lithium 0.68 Ǻ, yttrium 

0.88 Ǻ [18].  Blanchfield and Saunders [12] measured Li-F and Y-F ionic separation (2.1 Ǻ and 2.21 Ǻ) respectively; on 

this basis an ionic binding model should be reasonable for LiYF4.  Just as for the oxide scheelites CaWO4 and CaMoO4 the 

elastic stiffness C16 of LiYF4 is negative and compliance constant S16 is positive. This means that an applied tensile stress 

in the X direction induces in each material and identical sense of strain with respect to the atomic arrangement.  

Blanchfield and Saunders [12] found that because the deviation of the acoustic symmetry axes from the [100] and [010] 

crystallographic axes depends upon the sign and magnitude of C16, the orientation dependence of the elastic behavior of 

LiYF4 has the same sense as that in the oxide scheelites. 

             Minisini et al. [15] obtained the mechanical properties of LiYF4 from the elastic constants at ambient pressure 

using Voigts formalism for both numerical and experimental data.  They found that the elastic constants C16 and C66 and 

C44 show a small pressure dependence on a range from (0- 0.16) GPa. At 8 GPa a discontinuity in the evolution of elastic 

constants as a function of pressure noticed mainly for C11 since after initial weak increase just below 8 Gpa, a decrease 

from 8 GPa upwards has noticed.  At this pressure one eignvalue of elastic constant matrix is negative, C16, indicating a 

mechanical instability [1].  Blanchfield and Saunders [12] obtained the elastic properties of LiYF4 with temperature 

dependences between 4.2K-293K of the ultrasonic velocities which have corrected for the change in sample length with 

temperature using the measured temperature dependence of the thermal expansion. Table 3 shows very good agreements 

between the present experimental values of the mechanical properties of LiYF4 with the previous results [12, 15]. 

              The (001) cross–section of the Young’s modulus surface for LiYF4 at room temperature compared with that for 

scheelite oxide (Table 3 ).  In the acoustic axes coordinate system the Young’s modulus and velocity surfaces of a TII 

crystal show the same symmetry as those of a TI Laue group crystal.  These cross–sections illustrate the necessity of 

referring comparisons of elastic behavior between scheelites to the acoustic symmetry axes: a comparison between the 

Young’s moduli along the crystallographic X or Y-axes or <110> directions would provide little physical insight. 

              The general similarity of the elastic constants of LiYF4 to those of the oxide scheelites (Table 3) shows that its 

response to a stress bears a marked resemblance to those of the oxides; however it does show a striking difference in the 

anisotropy of its linear compressibilities βz (=2S13+S33) and βxy(=S11+S12+S13 ).  Under an applied hydrostatic pressure the 

oxide scheelites contract about 1.5 times as much as in the Z directions in the XY plane βz /βxy= 1.53 for SrMoO4 and 1.49 

for CaWO4 ), while in contrast the ratio for LiYF4 is 3/4 times (βz/βxy= 0.756 ). The quite different of linear compressibility 

of LiYF4 from the oxides implies that, unlike the oxides, the fluoride shows no tendency towards layer – like behavior.  

Plausibly, this is linked with the fact that the c/a ratio (=2.07) of LiYF4 is much closer to 2.0 than are those of the oxide 

scheelites CaWO4 (= 2.17). This structure has discussed elsewhere [12].  
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