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This paper solves a long-standing problem in resonant ultrasound spectroscopy (RUS) for cubic solids
through the use of two-dimensional deep learning (DL). By means of inverse methods, conventional RUS
can determine all independent elastic constants of a crystalline solid specimen by comparing measured
and calculated free-vibration resonance frequencies. However, to avoid invalid local minima in the inverse
process, good initial guesses of the elastic constants must be available. Here, we propose a DL scheme
to remedy this problem, which utilizes an input elasticity image composed of three layers obtained from
resonance frequency data. After network training, this scheme is executed in two steps: DL processing by
a neural network to output elastic constants in a Blackman diagram classification, followed by the use of a
regression network around the classified point in this diagram for more accurate determination. By means
of simulations, we demonstrate that this DL scheme yields the principal elastic constants within an error
of approximately 5% without any inverse processing even in the unfavorable case of five missing modes
for 111 existing cubic crystals.
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I. INTRODUCTION

The elastic constants of a material are related to a broad
range of physical properties because they are used in the
material’s equation of state [1]. They are also crucial for
assessing the reliability of theoretical calculations [2–4].
The accurate measurement of these constants remains an
issue in condensed-matter physics. For solids that can be
cut into regular shapes, such as a sphere, cylinder, or rect-
angular parallelepiped, resonant ultrasound spectroscopy
(RUS) is a powerful method for determining all inde-
pendent elastic constants Cij [5–9]. This method involves
measuring a number of free-vibration resonance frequen-
cies of the specimen and then, by an inverse method, such
as the nonlinear least-squares optimization method based
on the Levenberg-Marquardt algorithm, extract a set of Cij
that closely matches the measured resonance frequencies.

Although the RUS method is superior to other meth-
ods for accurately measuring the Cij of small speci-
mens on a millimeter or submillimeter scale [10], it has
several drawbacks that have not been fully resolved.
Firstly, one must do a complex mathematical eigen-
value extraction. Secondly, the inverse method requires
an arduous code-development process, only accessible by
specialists. Thirdly, there remains an inherent difficulty
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in mode identification. Correct identification is required
between the measured and calculated resonance frequen-
cies. Misidentification of modes causes the inverse cal-
culation to converge to a local minimum, resulting in
a physically meaningless answer. Missing modes in the
measurements thus make the mode-identification proce-
dure highly labyrinthine. To avoid such misidentification,
a sufficiently good initial guess is needed for the set
Cij at the beginning of the inverse calculation, which
requires approximate values of Cij to be known in advance.
Because of these demands, the RUS method has remained
an ad hoc method.

Various methods have been proposed to alleviate some
of these problems. They include using different sized spec-
imens [6], changing the frequency assignment during the
iteration calculation [7], exploiting the dependence of the
signal amplitude on the specimen orientation relative to
the transducers [8], controlling magnetic field direction
for mode-selective excitation using electromagnetic acous-
tic transducers [11,12], and vibrational-pattern imaging
with laser-Doppler interferometry of the resonating spec-
imen [13–16]. In particular, vibrational-pattern imaging is
performant in that it can completely identify modes by
comparison of measured and calculated images. However,
this technique requires long measurement times, sophisti-
cated equipment, and intensive use of elasticity theories
and complex analysis. And the other methods involve
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laborious extra steps. There is therefore still no quick and
easy method that can reliably provide the correct set Cij .
In a nutshell, the RUS resonance spectrum is essentially a
forest of resonances with a unique signature like a barcode
that needs to be deciphered. The problem is that it is very
hard to decipher.

Here, we propose a three-layer two-dimensional deep-
learning (3L2DDL) neural-network methodology in RUS
for determining the set Cij of cubic solids without the need
for mode identification. Such machine learning has been
recently adopted in RUS to determine elastic constants
from jumps in resonant frequencies at phase transitions
[17] or from the resonant frequencies of piezoelectric
materials [18] using one-dimensional (1D) methods. How-
ever, these are limited to specific cases, do not tolerate
missing modes, and are not suitable for application to a
whole class of elastic materials, as one often does not
always know approximate elastic constants of a speci-
men in advance, even if x-ray diffraction, for example, has
confirmed its crystal structure. Two-dimensional machine-
learning methods, i.e., 2DDL, were reported to be superior
to 1DDL for the case of recognition of protein secondary
structures [19]. In this paper, we report a 3L2DDL method
that can solve all of the above problems in RUS, in particu-
lar, that of the requirement for initial guesses of the elastic
constants. Moreover, we demonstrate that the method is
insensitive to the thorny problem of missing modes, and,
crucially, is applicable to the whole class of all known
cubic symmetry materials.

Our method extracts all elastic constants Cij close to
the true values by use of three-layer image datasets, also
viewable as a single RGB image in each case for conve-
nience (although this does not contain all the information
in the original three layers, e.g., concerning which layer
has which binary value), by means of the following steps.
First, the neural network is trained from a set of RGB elas-
ticity images generated from a large number of known
virtual cubic materials, classified by use of a Blackman
diagram, i.e., a plot of C44/C11 against C12/C11 [20]—a
diagram widely used for cubic materials [21]. Each calcu-
lated RGB image is assigned a class based on the region,
associated with a grid point, that it occupies on a specific
Blackman diagram. Secondly, we derive the RGB image
of the specimen under investigation from its resonance
spectrum, assigning it using the neural network to the cor-
rect region on the appropriate Blackman diagram. Thirdly,
regression of the set of Cij is conducted in the region in
question by means of a second 3L2DDL network. This
finds the set Cij that corresponds to the input RGB image.
To demonstrate the reliability of the method, we apply our
DL scheme to >100 actual cubic materials, demonstrat-
ing unprecedentedly efficient Cij determination in RUS. In
short, without the use of any inverse methods, we deter-
mine Cij with an accuracy of 95% or higher, even in the
case of five missing modes. Furthermore, by performing

a standard inverse calculation used in RUS methods using
the Cij predicted with our DL scheme as initial guesses,
one can obtain a very accurate result.

II. DATASET PREPARATION

A. Three-layer elasticity image

Most of the focus in this paper concerns simulations for
a specimen in the shape of a rectangular parallelepiped
specimen with sides in the ratio 3:4:5. This shape is often
used in performing RUS measurements, and is consid-
ered to be generic in the field. Deviations from these
chosen ratios do not significantly affect the classification
and regression results, as demonstrated later. We choose
a sample with these side ratios as a reference specimen: a
rectangular parallelepiped cut parallel to the three principal
axes of the cubic lattice to have sides 3, 4, and 5 mm.

Our approach relies on making images from resonance-
frequency data for easier and more natural processing by
the DL method. For a rectangular parallelepiped specimen,
the parameter

C̃n = Ṽ
2
3 ρf 2

n (1)

is chosen for purposes of construction of such an elasticity
image for a particular specimen from its resonant frequen-
cies fn (where n = 1, 2, 3 · · · ). Here, ρ and f denote the
mass density and each free-vibration resonance frequency,
respectively, and Ṽ denotes the ratio of the specimen vol-
ume under investigation to that of the reference specimen.
This definition assures that C̃ depends only on the set Cij ,
independent of the mass density and specimen size (see
the Supplemental Material [22]). Figure 1 schematically
explains the construction of the elasticity image, composed
of three layers, each of which is made up of 15 × 15 pixels.
One pixel corresponds to one value of C̃, and its argument
takes one of two values, i.e., representing a binary variable.
We make two assumptions:

(1) C̃ is chosen to range from 100 to 13, 000 TPa m−2

when Ṽ = 1. The lower limit of 100 is chosen because it
is close to the fundamental resonance frequency (f1) of
very soft materials, but does not exclude this frequency.
The upper limit is high enough to encompass enough
resonances for accurately distinguishing materials.

(2) n is chosen to range from from 1 to 100, i.e., mak-
ing use of 100 resonance frequencies within this range of
C̃. The limit prescribed by (1) ensures that all of the 100
resonances lie in the range of C̃ for all materials occurring
in nature.

For example, in the case of a copper specimen of the ref-
erence size, this corresponds to the frequency range 0.106
and 1.206 MHz, where the fundamental (n = 1) and 100th
resonance modes occur at 0.20 and 0.96 MHz, respec-
tively. Even when a large number of resonance modes are
observed, as is common in RUS experiments, not many
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(a) (b) (c)

FIG. 1. Construction of the three-layer elasticity image. (a) Conversion of measured resonance frequencies to arguments of 225
pixels labeled according to the elasticity parameter C̃n over a predefined frequency range. (b) Construction of three layers for the case
of single-crystal copper. This material is different from that shown in (a). Yellow, magenta, light blue, and white pixels result from the
overlapping of red and green, red and blue, green and blue, and red, green, and blue pixels, respectively. (c) Elasticity images for gold,
niobium, and iron. Freq. is an abbreviation for frequency.

resonance frequencies can be used for the standard inverse
calculation because of the difficulty in mode identification
for higher-order modes. Since our elasticity image does not
require mode identification, such higher-order resonance
modes, in contrast, play a key role in our analysis.

Dividing up the range of C̃ values into 225 equal
intervals, we map binary information concerning the pres-
ence (1) or absence (0) of a resonance in each interval
onto images of 15 × 15 = 225 pixels, but with the pro-
viso that only the first 100 resonances in this interval are
used—the rest outside the prescribed range being ignored
[see Fig. 1(a)]. Use of 225 pixels is found not to degrade
the fidelity of the whole process: rather it improves the
classification accuracy or leaves it unaffected.

As mentioned above, three images, or layers, are cre-
ated, each with 225 values of binary data, but a different
mapping process is used for each layer. For the first layer
(the “red” layer), the binary values are spirally (clockwise)
distributed from the center outwards, a red pixel repre-
senting 1 and black pixel representing 0; in the second
layer (the “green” layer), the binary values are spirally
(clockwise) distributed from the outside inwards towards
the center, starting from the bottom left edge; in the third
layer (the “blue” layer), the binary values are horizon-
tally distributed (i.e., as in a raster scan) from the top
side downwards, starting from the top-left edge. This pro-
cess is shown in Fig. 1(b) for the example of copper.
Extended black areas in the three layers arise because of
stipulation (2) above, i.e., the use of only the first 100 res-
onances in the precised interval in (1) above. The three
layers of 225 pixels with purely binary data for each pixel

represent the input data for the DL processing, but for ease
of viewability we combine them into a single color image
that represents the cubic material in a single frame. Yellow,
magenta, light blue, and white pixels result from the over-
lap of red and green, red and blue, green and blue, and red,
green and blue pixels, respectively. An example of elastic
image construction is shown in Fig. 1(c) for the cases of
gold, niobium, and iron.

Such an elastic image represents the elastic properties of
a material. For a soft material, where the elasticity param-
eter takes smaller values, red pixels are distributed near
the center, green pixels near the periphery, and blue pixels
near the top region, resulting in an image with little overlap
between pixels [as in the example of gold in Fig. 1(c)]. On
the other hand, for a stiffer material, pixels of each color are
distributed throughout the image, resulting in many over-
lapping pixels [as in the examples of iron in Fig. 1(c)]. In
this ansatz, overlap between pixels is clearly a factor that
represents the elasticity of the material. This is the moti-
vation for the proposed image-coding scheme. As shown
later, the three-layer elasticity image we propose shows
high tolerance to the presence of missing modes compared
with other inputs.

B. Classification on the Blackman diagram

The first step of the 3L2DDL scheme requires neural-
network training. To this end we classify each input elastic-
ity image on the Blackman diagram, where both axes range
from 0 to 1. Involving the entire area of the Blackman
diagram in the classification scheme would increase com-
putation time. We therefore restrict the area to be examined
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FIG. 2. Classification on the Blackman diagram. (a) Plots of reported cubic materials on the Blackman diagram (open circles). Red
curves indicate Poisson’s ratio and the broken line indicates the isotropic material case. The shaded area is considered for making the
datasets. (b) 12 classes (solid circles) set on the Blackman diagram at each C11 value. The error bars indicate the stiffness blurring used
for preparing the datasets.

to the region where actual materials exist. Figure 2(a)
shows plots on the Blackman diagram for 111 real cubic
materials (see the Supplemental Material), suggesting that
materials that can exist in nature are expected to appear in
the shaded area in Fig. 2(a). This area occupies 48% of the
entire area.

We choose 12 regions for classification within the cho-
sen area, each a square with one side equal to 0.2, indicated
by black circles that occupy their central (i.e., lattice)
points, as shown in Fig. 2(b): C11 is divided into steps
of 25 GPa between 50 and 450 GPa, and for each of
these 17 C11 values there is a corresponding Blackman dia-
gram. Since each C11 value gives rise to 12 lattice points
on the diagram, the number of total classes is equal to
12 × 17 = 204. This relatively large number of classes is
beneficial for a reasonably accurate determination of the
elastic constants without the use of an inverse method.

Because the eigenfrequencies of the reference specimen
can be calculated with sufficient accuracy according with
the Ritz method, based on normalized Legendre polyno-
mials, by increasing the polynomial order (see the Supple-
mental Material [22]) [23], we can numerically construct
elasticity images for individual sets of Cij for purposes
of training the neural network. For each class, we pre-
pare such images by randomly introducing errors in the
elastic constants up to ±12.5 GPa for C11 and up to ±0.1
for C44/C11 and C12/C11, as indicated by the error bars in
Fig. 2(b). To investigate the sensitivity to missing modes
that occur in experiment, we also randomly removed up to
five resonance modes. By introducing such “blurring” and
artificial measurement errors into the training datasets, the
resultant neural networks become more robust to errors in
specimen dimensions and to missing modes. The number
of training datasets at each class is 18 000, resulting in a
total number of 3 672 000 datasets used.

III. THREE-LAYER TWO-DIMENSIONAL
DEEP-LEARNING SCHEME

An input elasticity image is first classified into one of the
204 classes on the Blackman diagram by use of the convo-
lutional neural network constructed in this study, as shown
in Fig. 3(a). It consists of an input layer for the three-layer
elastic image of 15 × 15 pixels, which is followed by a 2D
convolution layer and a batch-normalization layer. After
the Subnetwork Unit [see Fig. 3(b)] is repeated 6 times,
the rectified linear-unit layer, the 2D max pooling layer,
the 2D convolution layer and the batch-normalization layer
are connected. The Subnetwork Unit is then repeated 6
times, followed by the rectified linear-unit-activation layer,
dropout layer, fully connected layer for classification, soft-
max layer, and then finally the classification output layer.
The structure of the Subnetwork Unit is shown in Fig. 3(b),
where we introduce two shortcut connections, allowing a
very deep network with hundreds of layers [24]. The elas-
ticity image is input to the classification network, which
outputs for each class the probability to which the image
belongs. For most input images, only one of the 204 classes
is output with almost 100% probability, but for some input
images, multiple classes are output with high probability.
Therefore, classes with the classification probability of 5%
or higher are selected as possible classes to which the input
elasticity image may belong.

Second, the input elasticity image is used to predict the
set of Cij in the vicinity of the classes indicated in the
first classification step, using the same datasets of those
selected classes. We construct a different neural network
for this regression scheme, as shown in Fig. S1 within the
Supplemental Material [22].

First and second 3L2DDL networks are trained with
an adaptive-moment-estimation (Adam) optimizer using
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(a) (b)

FIG. 3. Three-layer two-dimensional deep-learning (3L2DDL) network for classification. (a) Overall structure of the 3L2DDL
network, and (b) structure of the Subnetwork Unit.

MATLAB (R2022b). 99% of the datasets are used for train-
ing and 1% for validation for the classification network,
and 90% for training and 10% for validation for the regres-
sion network. Their convergence behavior during training
is shown in Figs. S2(a) and (b), respectively (see Sup-
plemental Material [22]). The training accuracy exceeds
80%, and the validation accuracy is 71% for classifi-
cation. The relatively low validation accuracy is caused
by the artificial incorporation of errors in Cij and by
missing modes, both being necessary to improve the net-
work’s tolerance to material variation and to dimensional
errors.

IV. RESULTS AND DISCUSSION

We first investigate the tolerance of our 3L2DDL net-
work to the presence of missing modes. This often happens

in experiment when the point of the contact of the trans-
ducer with the specimen surface is close to the nodal line
of the resonant mode. Our elasticity image ansatz is less
affected by missing modes, because the absence of a res-
onance mode only blackens a single pixel in each layer,
but does not significantly affect the overall image. For
example, Fig. 4(a) shows elasticity images of Si contain-
ing up to 10 missing modes. Our classification network
is in fact able to classify elastic images with up to six
missing modes into the correct classes. Even with ten miss-
ing modes, 80% classification accuracy is achieved. The
more accurately regression-derived elastic constants turn
out to be less sensitive to the missing modes, as shown in
Fig. 4(b); even with ten missing modes, the principal elas-
tic constants C11, C44, and E1 are predicted to fair accuracy
(where E1 denotes the Young modulus along the principal
axis of the cubic material). Thus, the three-layer elasticity

034048-5



HIROKI FUKUDA et al. PHYS. REV. APPLIED 20, 034048 (2023)

(b)

(a)
E

r
r
o
r
s
 f

r
o
m

 T
r
u
e
 V

a
lu

e
s
 (

%
)

Number of Missing Modes Number of Missing Modes Number of Missing Modes Number of Missing Modes

FIG. 4. (a) Elasticity images for Si involving 0, 4, 6, 10 miss-
ing modes, and (b) box plots showing the difference between
regression-derived and true elastic constants with up to ten
missing modes.

image we propose shows high tolerance to the presence
of missing modes, and it is significantly superior to other
possible inputs, such as the use of a one-layer binary image
or one-layer eight-bit image, as demonstrated in Fig. S4
(see the Supplemental Material [22]).

Next, we discuss the influence of the error in the
dimensions. As mentioned above, the RUS method using
rectangular parallelepiped specimens requires cutting an
appropriate sample, and preparation of a specimen with
the 3:4:5 dimensional ratio is relatively straightforward.
However, some deviation from this ratio is to be expected.
Figure 5 shows elasticity images for Si when a dimensional
error is introduced to the reference sample on the longest
side. These results indicate that such an error up to 2% will
not have a significant influence on elastic constant predic-
tion on our 3L2DDL network alone. (More accurate Cij
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FIG. 5. (a) Elasticity images of Si with dimension errors of 0,
1, and 2% in the longest side. (b) Difference between regression-
derived and true elastic constants with the dimension errors up to
2%.

can be output by standard inverse calculations based on
initial Cij predicted by the 3L2DDL scheme using known
sample dimensions.) This tolerance to errors in dimen-
sion is thanks to the incorporation of artificial errors in
the training datasets. Even if the dimensional ratio deviates
strongly from that of the reference specimen, accurate esti-
mation of Cij can be achieved by creating datasets for the
dimensional ratio in question. At present, dataset prepara-
tion and subsequent training take approximately 2 days for
a desktop PC (CPU: Intel Core, i9-12900K, 16 cores, 3.2
GHz, 2.4 GHz, RAM: Crucial DDR4 64 GB, 3200 MHz,
GPU: Nvidia Geforce RTX 3090, RAM 24 GB).

We also confirmed that our 3L2DDL scheme is toler-
ant to measurement error in the resonant frequency, as

FIG. 6. Box plots for comparison between regression-calculated elastic constants by the 3L2DDL method and reported values for
111 cubic materials with up to nine missing modes.
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FIG. 7. Application to hexagonal materials: comparison
between the average (isotropic) Young modulus Eiso calculated
using five independent elastic constants from the literature with
that using three elastic constants obtained by the regression
process for various hexagonal materials.

demonstrated in Fig. S3 (see Supplemental Material [22]),
where the measurement errors are artificially and randomly
introduced based on a Gaussian distribution. The predicted
elastic constants are nearly the same as those without the
frequency error for root-mean-square frequency errors <

0.5%, whereas the prediction accuracy deteriorates with
errors > 1%. In conventional RUS experiments, the res-
onant frequencies are very accurately determined with
errors < 0.1% [25], and so the measurement error should
definitely not affect the prediction of the elastic constants
using our 3L2DDL scheme.

The regression accuracy of the Cij for 111 existing cubic
materials [26–88] predicted by the 3L2DDL networks is
shown in Fig. 6, and individual details are shown in Tables
S1–S6. (References for their elastic constants are shown in
Table S7.) Although the prediction accuracy for the off-
diagonal component C12 is approximately 10% because
of its lower contribution to the resonance frequencies, the
principal components C11, C44, and E1 agree with the
true values to within approximately 5%, even though nine
modes are missing. (Note that more than six missing modes
are not included in the datasets and are not trained, but
the elastic constants are accurately predicted.) This implies
that these elastic constants can be determined with an error
of less than 5% simply by measuring the resonance fre-
quencies, without performing the inverse calculation at all,
which corresponds to a tremendous simplification in RUS.

Finally, we discuss the applicability of our 3L2DDL
scheme to lower symmetry materials. As an example,
consider hexagonal materials, which exhibit five indepen-
dent elastic constants. (Their elastic constants are shown
in Table S8 [89–96].) The datasets used for training our
neural networks do not include any hexagonal materials.
Nevertheless, the elastic images can be constructed using

their resonant frequencies to predict three elastic constants
for various hexagonal materials. Although it may seem
that there is no physical significance in determining three
elastic constants for a hexagonal material that possesses
five elastic constants, we find that the average elastic-
ity properties are reproduced well. Figure 7 compares the
Young modulus calculated by the Hill averaging method
[97] using literature values and that using the DL-predicted
three elastic constants. Their agreement suggests that the
elasticity image we propose reflects the essential elastic
properties of a material, and indicates that this scheme can
be usefully applied to lower-symmetry solids.

V. CONCLUSIONS

In conclusion, we propose a two-dimensional deep-
learning network scheme for determining the three inde-
pendent elastic constants of cubic solids using their free-
vibration resonant frequencies without performing the
inverse calculation. The DL neural network is trained using
the results of simulating RUS data for a set of known
cubic materials each in the form of a rectangular par-
allelepiped with close to a 3:4:5 side ratio. Each RUS
resonance spectrum is coded as a three-layer 15 × 15 pixel
color input image, which is classified on a Blackman dia-
gram. After training, the RUS spectrum for a cubic sample
with unknown elastic constants can be used to produce an
input image, which is then classified on a Blackman dia-
gram. A regression network can then provide the elastic
constants to <∼ 5% error for the principal components.
The accuracy of the resultant elastic constant determina-
tion is little affected by up to six missing modes, specimen
dimension errors up to 2%, and the measurement errors on
the resonance frequency up to 1%. We verified that apply-
ing the method to 111 existing cubic solids yields their
elastic constants with the expected < 5% error without any
inverse calculation. The DL scheme is also shown to be
applicable to hexagonal-symmetry materials, even though
the neural-network training was only conducted on cubic
materials. The method yields the average Young’s modu-
lus to reasonable accuracy, suggesting that our proposed
elasticity images faithfully reflect material elastic proper-
ties. Our approach replaces what essentially has been a 1D
barcode for coding a resonance spectrum by a 2D color
image, somewhat analogously to the way QR codes can
now replace barcodes in utility.

More work remains to further improve the accuracy
of DL techniques in RUS, possibly by refining the input
image format, and by extension to the derivation of elas-
tic constants in lower symmetry crystal systems. However,
already the ability to extract reasonably accurate elastic
constants without heavy mathematical inverse techniques
and in the presence of the invariable missing modes should
revolutionize the field of elastic constant determination.
This advancement is expected to have a significant impact
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not only in solid-state physics but also in engineering,
materials science, mineralogy, and geology.
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1. Elasticity Parameter �̃� 

The Lagrangian of a solid under free vibration is given by 

 

𝐿 = ∭ (
1

2
𝐶𝑖𝑗𝑘𝑙ε𝑖𝑗ε𝑘𝑙 −

1

2
ρω2𝑢𝑖𝑢𝑖) dV,                                             (𝑆1) 

 

where 𝐶𝑖𝑗𝑘𝑙 , ε𝑖𝑗 , ρ , 𝑢𝑖  and ω  are the elastic-stiffness coefficients, strain-tensor 

components, mass density, deformation, and angular resonant frequency, respectively.  

In the Ritz method, the deformation is expanded with basis functions 

 

𝑢𝑖 = ∑ 𝑎𝑗
(𝑖)

𝜑𝑗
(𝑖)

(𝐱)

𝑗

.                                                                                 (𝑆2) 

 

When the normalized Legendre polynomials are used in the basis functions, i.e., 

 

𝜑𝑗
(𝑖)(𝐱) = √

8

𝐿1𝐿2𝐿3
𝑃�̅� (

2𝑥1

𝐿1
) 𝑃𝑚

̅̅̅̅ (
2𝑥2

𝐿2
) 𝑃�̅� (

2𝑥3

𝐿3
),                                       (𝑆3) 

 

where, for example, 𝑃�̅� = √(𝑙 + 1/2)𝑃𝑙, Hamiltonian’s principle (𝛿𝐿 = 0) results in an 

eigenvalue problem: [6] 



S2 

 

 

(𝚪 − ρω2𝐈)𝒂 = 𝟎 ,                                                                (𝑆4) 

 

where 𝐿𝑠 denotes the side length of the rectangular parallelepiped along the 𝑥𝑠 axis. 𝐈 

denotes the identity matrix and 𝒂 shows the vector made up of coefficients of each basis 

function. 

Each component of matrix 𝚪  reflects the elastic constants, and it is inversely 

proportional to the product of two side dimensions [6], 𝐿𝑠𝐿𝑡. 𝚪 can be then rewritten as 

(�̃�)
3

2𝚪𝑹 , where �̃�  is the volume ratio and matrix 𝚪𝑹  correspond to the reference 

specimen. Therefore, Eq. (S4) becomes 

 

{𝚪𝑹 − (�̃�)
2
3ρω2𝐈} 𝒂 = (𝚪𝑹 − �̃�𝐈)𝒂 = 𝟎 .                                     (𝑆5) 

 

The elasticity parameter �̃�  indicates the eigenvalues of the system governed by 𝚪𝑹 .  

The datasets for the reference specimen constructed using �̃� can thus be adopted to any 

other materials with different volume, independent of the mass density. 
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2. Supplementary Figures 

 

 

Figure S1: Network structure used for the regression procedure. 

 

  

Input: Input Layer

Conv: 2-D Convolutional Layer

BN: Batch Normalization Layer

ReLU: Rectified Linear Unit Layer

Add: Addition Layer

MaXPool: 2-D Max Pooling Layer

DropOut: Dropout Layer

GAP: 2-D Global Average Pooling  Layer

FC: Fully Connected Layer

(b)

Conv

BN

ReLU

Conv

BN

ReLU

Add

(a) Input

Conv

BN

Subnetwork Unit 

9
 u

n
it

s

ReLU

DropOut

FC

Subnetwork Unit 

4
 u

n
it

s

MaXPool

Conv

ReLU

Regression

BN

GAP



S4 

 

 

Figure S2: Conversion behavior during training. (a) Network for classification and (b) 

that for regression. 
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Figure S3: Effect of the measurement error in the resonant frequency on the prediction of 

the elastic constants for Si. (a) Elasticity images including the root-mean-square errors in 

the resonant frequencies up to 0.94%.  (b) Box plots for comparison between the 

predicted elastic constants and true values with frequency errors up to 0.94%.  The 

frequency errors are artificially and randomly introduced based on a Gaussian distribution. 

 

  



S6 

 

 

Figure S4: Comparison of the tolerance of three types of input image to the presence of 

missing modes. (a) One-layer binary image, (b) one-layer 8-bit image, and (c) three-layer 

binary image, which is adopted in this study for a material with C11=181 GPa, C12=114 

GPa, and C44=127 GPa. (d) Accuracy at the classification step plotted as a function of the 

number of missing modes for the three cases (a)-(c). The three-layer binary image adopted 

in this study shows 100% accuracy up to 10 missing modes. (The same classification 

result is obtained even with up to 10 missing modes.). The classification accuracy 

significantly deteriorates for the other input images. 
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Table S1: Comparison between reported and predicted elastic constants of cubic materials 

without missing modes. 

 

Predicted values Reported values Error

C11 C12 C44 E1 C11 C12 C44 E1 C11 C12 C44 E1

Material GPa GPa GPa GPa GPa GPa GPa GPa % % % %

Ag 114.0 87.2 46.2 38.5 123.99 93.67 46.12 43.4 -8.1 -7.0 0.3 -11.3

AgAl(98.4-1.6) 129.9 105.5 48.4 35.3 128.07 98.3 46.43 42.7 1.5 7.4 4.2 -17.3

AgAu(96-4) 127.6 96.6 46.2 44.3 124.27 92.66 47.28 45.1 2.7 4.3 -2.2 -1.8

AgBr 47.3 21.4 6.9 33.9 56.3 32.8 7.2 32.2 -16.0 -34.7 -4.0 5.5

AgCd(98.08-1.92) 123.1 98.4 49.6 35.7 121.6 91.3 45.9 43.3 1.3 7.8 8.0 -17.4

AgCl 50.0 37.1 14.5 18.3 60.1 36.2 6.25 32.9 -16.8 2.5 132.0 -44.2

AgIn(91.64-8.36) 107.3 78.6 40.8 40.8 116.6 89 45 39.5 -8.0 -11.6 -9.2 3.2

AgMg(96.93-3.07) 115.3 90.6 46.9 35.6 119.8 89.8 46 42.9 -3.7 0.9 2.0 -17.0

AgSn(96.83-3.17) 124.6 97.7 49.1 38.8 121 92.2 45.8 41.3 3.0 6.0 7.1 -6.1

AgZn(97.6-2.4) 138.6 110.5 49.7 40.5 120.9 91.6 45.8 41.9 14.6 20.7 8.5 -3.4

Al 118.0 69.6 27.6 66.4 113.04 66.63 27.83 63.6 4.4 4.4 -0.9 4.4

AlSb 96.9 45.0 35.1 68.3 89.39 44.27 41.55 60.1 8.4 1.7 -15.6 13.8

Au 178.0 142.9 35.3 50.8 192.44 162.98 42 43.0 -7.5 -12.3 -16.1 18.2

Au3Ag 136.3 107.0 53.5 42.2 166.21 132.41 48.54 48.8 -18.0 -19.2 10.2 -13.4

Au3Ni 230.8 190.1 41.5 59.1 195.73 158.19 50.98 54.3 17.9 20.2 -18.6 8.8

AuAg 149.9 120.9 57.9 42.0 148.94 113.5 50.76 50.8 0.7 6.6 14.1 -17.4

AuAg3 132.6 102.5 49.1 43.2 138.26 104.48 48.78 48.3 -4.1 -1.9 0.6 -10.7

AuNi(57.58-42.42) 183.6 147.0 70.1 52.8 199.5 156 61.86 62.6 -8.0 -5.7 13.4 -15.7

AuNi(90.28-9.72) 204.5 165.7 37.1 56.3 192.31 160.95 44.97 45.6 6.4 2.9 -17.4 23.3

AuNi(97.05-2.95) 195.4 164.5 42.1 45.1 192.59 162.61 43 43.7 1.5 1.1 -2.1 3.2

Ba3N2 69.3 32.3 12.9 48.8 60.2 18.6 12.1 51.4 15.1 73.7 6.7 -5.2

BaO 127.1 50.8 36.4 98.1 125.7 48.1 35.5 99.1 1.1 5.5 2.5 -1.0

CaF2 168.0 33.0 32.2 157.1 162.8 43.3 33.4 144.6 3.2 -23.8 -3.6 8.7

CdTe 66.0 45.3 15.8 29.1 53.51 36.81 19.94 23.5 23.3 23.1 -20.8 23.7

Co-fcc 237.5 175.0 90.1 89.0 225 160 92 92.0 5.6 9.4 -2.1 -3.2

CoO 249.3 136.7 83.1 152.5 255.6 143.6 80.3 152.3 -2.5 -4.8 3.5 0.2

Cr 348.8 69.7 97.3 325.5 350 67.8 100.8 328.0 -0.3 2.9 -3.5 -0.7

Cu 185.0 144.0 72.7 59.1 168.39 121.42 75.39 66.6 9.9 18.6 -3.6 -11.4

Cu3Au 202.2 158.9 77.7 62.4 190.69 138.3 66.31 74.4 6.0 14.9 17.2 -16.1

CuAl(95.19-4.81) 169.7 123.9 72.7 65.2 165.8 121.6 74.9 62.9 2.4 1.9 -2.9 3.6

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 145.0 125.7 88.9 28.2 142.38 124.1 95.24 26.8 1.9 1.3 -6.6 5.3

CuGa(95.85-4.15) 165.1 121.8 65.6 61.8 165.2 121 74.1 62.9 0.0 0.6 -11.4 -1.8

CuGa(98.42-1.58) 169.6 123.8 72.6 65.2 165 119.2 74.3 65.0 2.8 3.8 -2.3 0.3

CuGe(98.97-1.03) 169.5 126.0 72.2 62.1 166.6 121 75 64.8 1.8 4.1 -3.8 -4.1

CuNi(96.98-3.02) 176.2 131.2 74.3 64.2 169.33 121.89 76.31 67.3 4.1 7.7 -2.7 -4.6

CuSi(95.83-4.17) 168.6 124.6 69.6 62.6 167.8 124.2 74.8 62.1 0.5 0.3 -6.9 0.8

CuZn(77.3-22.7) 151.7 113.5 65.5 54.6 144.7 107.1 71.3 53.6 4.8 5.9 -8.2 1.9

CuZn(95.41-4.59) 154.2 110.7 68.2 61.7 163.4 119.2 74.2 62.8 -5.6 -7.2 -8.1 -1.8

F3KMg 122.9 25.0 43.5 114.5 132 39.6 48.5 113.7 -6.9 -37.0 -10.4 0.7

Fe 223.3 122.5 115.0 136.5 233.1 135.44 117.83 133.6 -4.2 -9.5 -2.4 2.2

FeAl(59.89-40.11) 173.9 109.3 127.7 89.6 181.05 113.69 127.09 93.3 -3.9 -3.9 0.5 -4.0

FeAl(66-34) 171.7 115.3 134.2 79.0 171.67 113.55 129.54 81.3 0.0 1.6 3.6 -2.8

FeAl(71.92-28.08) 174.5 132.2 136.8 60.6 166.36 122.58 130.97 62.4 4.9 7.9 4.5 -2.8

FeAl(74.95-25.05) 174.8 137.8 139.5 53.2 170.99 130.61 131.7 57.9 2.2 5.5 5.9 -8.0

FeAl(80.17-19.83) 174.4 128.1 133.0 65.8 179.42 124.82 125.54 77.0 -2.8 2.7 5.9 -14.5

FeAl(85.5-14.5) 200.6 135.8 125.5 91.0 193.71 124.93 124.34 95.7 3.6 8.7 1.0 -5.0

FeAl(90.35-9.65) 202.2 127.1 137.2 104.0 204.89 126.97 122.62 107.7 -1.3 0.1 11.9 -3.5

FeAl(96.03-3.97) 222.4 138.5 120.8 116.1 220.83 132.49 120.22 121.5 0.7 4.5 0.5 -4.4

FeCr2O4(Chromite) 327.6 138.8 123.0 245.0 322.5 143.7 116.7 233.9 1.6 -3.4 5.4 4.7

GaAs 125.3 50.8 53.5 96.1 119.04 53.84 59.52 85.5 5.3 -5.7 -10.2 12.3

GaP 149.4 60.2 62.0 114.8 141.2 62.53 70.47 102.8 5.8 -3.7 -12.0 11.6

Garnet(21.8% FeO) 198.5 80.8 50.2 151.8 197 90 57 140.6 0.8 -10.3 -12.0 8.0

Garnet(22.7% FeO) 196.6 124.3 69.1 100.3 192 99 59 124.6 2.4 25.6 17.1 -19.5

Garnet(23.6% FeO) 199.5 97.9 63.7 135.1 210 103 67 142.2 -5.0 -5.0 -4.9 -5.0

Garnet(26.2% FeO) 226.2 130.4 54.2 130.8 226 126 62 135.8 0.1 3.5 -12.6 -3.7

Garnet(28.7% FeO) 272.9 161.2 62.5 153.2 273 157 68 158.4 0.0 2.7 -8.1 -3.3

Garnet(33.5% FeO) 325.7 125.7 83.2 255.8 327 124 89 258.8 -0.4 1.3 -6.5 -1.2

GaSb 90.3 36.4 37.0 69.4 88.39 40.33 43.16 63.1 2.1 -9.8 -14.4 9.9

HfCo2 247.1 108.5 87.4 180.9 255.54 123.3 90.3 175.3 -3.3 -12.0 -3.2 3.2

HgTe 63.3 48.0 21.3 21.9 54.8 38.1 20.4 23.5 15.4 25.9 4.3 -7.0

InAs 78.0 43.4 40.1 47.0 83.29 45.26 39.59 51.4 -6.3 -4.1 1.3 -8.6

InP 102.1 58.1 41.2 59.9 102.2 57.6 46 60.7 -0.1 0.9 -10.5 -1.2

InSb 68.2 35.2 27.6 44.3 64.72 32.65 30.71 42.8 5.4 7.8 -10.3 3.4

KF 74.4 18.5 12.7 67.0 64.85 14.27 12.81 59.7 14.7 29.7 -0.6 12.3

LiF 124.2 50.7 53.6 94.8 119 45.8 54.2 93.5 4.4 10.8 -1.1 1.3

Magnetite 271.0 113.6 96.1 203.9 275 104 95.5 217.9 -1.4 9.3 0.7 -6.4

Mg2Sn 83.0 16.8 34.9 77.4 82.4 20.8 36.6 74.0 0.8 -19.1 -4.7 4.5

MgAg 71.5 43.6 47.3 38.4 84.6 56.7 48.5 39.1 -15.5 -23.1 -2.5 -1.7

MgAl2O4(Spinel) 276.2 150.4 167.7 170.2 279 153 153 170.6 -1.0 -1.7 9.6 -0.2

MgCu2 122.3 76.2 44.7 63.8 122.8 70.6 41.2 71.3 -0.4 7.9 8.4 -10.5

MnO 225.1 125.8 79.4 134.9 223 120 79 139.0 0.9 4.8 0.5 -2.9

Mo 452.0 175.6 106.6 353.8 469.6 167.6 106.8 381.4 -3.7 4.8 -0.1 -7.2

MoRe(73.1-26.9) 444.0 177.4 128.1 342.8 460.7 195.9 132.3 343.8 -3.6 -9.5 -3.2 -0.3

MoRe(83.4-16.6) 446.8 163.1 118.7 359.5 465 185.8 123.7 358.9 -3.9 -12.2 -4.0 0.2

MoRe(93-7) 455.5 171.3 103.6 361.8 466.5 172.9 114.8 373.0 -2.4 -0.9 -9.7 -3.0

NaBrO3 62.5 21.0 14.3 52.0 57.32 17.64 15.23 49.0 9.1 18.8 -6.2 6.1

NaCl 59.3 20.6 10.8 48.7 49.6 13.1 12.68 44.1 19.6 57.1 -15.1 10.4

NaClO3 59.7 18.6 10.3 50.9 49.2 14.2 11.6 42.8 21.4 31.2 -11.4 18.8

NaF 101.4 26.6 26.5 90.4 96.3 24.59 27.94 86.3 5.3 8.0 -5.3 4.7

Nb 233.7 127.4 33.9 143.7 240.19 125.58 28.22 154.0 -2.7 1.5 20.0 -6.6

Nb3Sn 250.0 101.5 37.1 191.4 253.8 112.4 39.57 184.8 -1.5 -9.7 -6.2 3.6

Ni 248.5 163.7 94.5 118.5 244 158 102 119.8 1.9 3.6 -7.4 -1.1

NiAl 202.0 135.4 115.0 93.2 211.55 143.23 112.11 95.9 -4.5 -5.4 2.6 -2.8

NiAl(90.4-9.6) 248.5 147.1 141.9 139.1 252 153 132 136.4 -1.4 -3.9 7.5 2.0

NiCu(31.1-68.9) 191.3 134.8 81.1 79.8 189.1 131.9 89.6 80.7 1.2 2.2 -9.5 -1.1

NiCu(53.8-46.2) 208.1 139.3 90.5 96.4 208.6 142.8 100.9 92.5 -0.3 -2.5 -10.3 4.2

NiCu(77.2-22.8) 224.3 142.2 111.0 114.0 228.1 147.3 111.3 112.5 -1.7 -3.5 -0.3 1.3

NiCu(80-20) 223.2 144.8 103.0 109.2 229.8 149.4 113.7 112.1 -2.9 -3.0 -9.4 -2.5

NiCu(92.7-7.3) 252.3 150.7 113.8 139.6 241.3 151.1 120.1 124.9 4.6 -0.3 -5.2 11.8

PbF2 90.1 45.6 24.1 59.5 88.8 47.2 24.54 56.0 1.5 -3.5 -2.0 6.2

PbS 102.1 39.8 25.5 79.8 102 38 25 81.4 0.1 4.8 2.1 -1.9

Pd 223.1 181.0 83.8 61.0 227.1 176.04 71.73 73.4 -1.7 2.8 16.8 -16.8

Permalloy(Ni73.8-Fe26.2) 222.3 138.4 124.7 116.2 230.4 144.4 119.2 119.1 -3.5 -4.2 4.6 -2.5

Pt 357.0 266.3 79.2 129.5 346.7 250.7 76.5 136.3 3.0 6.2 3.6 -4.9

RbCl 361.8 71.2 47.9 338.4 362.42 61.24 46.78 344.7 -0.2 16.2 2.4 -1.8

Si 174.8 71.3 76.9 133.5 165.78 63.94 79.62 130.2 5.5 11.5 -3.4 2.6

Sr3N2 57.4 28.4 13.1 38.6 47.3 21.8 14.6 33.5 21.4 30.3 -10.1 15.2

SrF2 128.3 47.4 31.6 102.7 123.5 43.05 31.28 101.2 3.9 10.1 1.0 1.5

SrO 148.4 31.8 60.5 137.2 160.1 43.5 59 141.5 -7.3 -27.0 2.5 -3.0

SrTiO3 329.7 125.1 125.2 260.9 318.7 103.4 123 268.0 3.5 21.0 1.8 -2.6

Ta 255.1 159.2 85.5 132.8 266.7 160.8 82.49 145.7 -4.3 -1.0 3.7 -8.9

Th 73.4 45.6 44.2 38.4 75.3 48.9 47.8 36.8 -2.5 -6.7 -7.5 4.4

ThO2 350.5 80.2 63.4 320.6 367 106 79.7 319.5 -4.5 -24.3 -20.4 0.3

TlCl 47.7 22.6 7.5 33.2 40.1 15.3 7.6 31.6 19.0 47.5 -1.2 5.0

UC 324.6 66.3 58.6 302.1 320 85 64.7 284.3 1.4 -22.0 -9.4 6.2

UO2 371.8 86.8 64.2 339.0 396 121 64.1 339.4 -6.1 -28.3 0.1 -0.1

V 235.2 141.4 47.2 129.0 227.95 118.7 42.55 146.7 3.2 19.2 10.9 -12.1

ZnS 101.5 59.5 42.9 57.5 104.62 65.34 46.13 54.4 -3.0 -8.9 -7.1 5.7

ZnSe 75.5 45.5 44.9 41.2 80.96 48.81 44.05 44.2 -6.8 -6.8 1.9 -6.8

ZnTe 76.6 46.9 30.4 41.0 71.34 40.78 31.15 41.7 7.4 14.9 -2.4 -1.5

ZrCo2 223.5 94.1 79.1 167.8 233.11 112.71 83.66 159.6 -4.1 -16.5 -5.5 5.1
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Table S2: Comparison between reported and predicted elastic constants of cubic materials 

when 1 mode is randomly removed. 

 

Predicted values Reported values Error

C11 C12 C44 E1 C11 C12 C44 E1 C11 C12 C44 E1

Material GPa GPa GPa GPa GPa GPa GPa GPa % % % %

Ag 117.1 89.3 47.7 39.8 123.99 93.67 46.12 43.4 -5.5 -4.7 3.5 -8.1

AgAl(98.4-1.6) 129.8 103.4 48.2 38.0 128.07 98.3 46.43 42.7 1.3 5.2 3.7 -11.0

AgAu(96-4) 130.0 101.3 48.2 41.3 124.27 92.66 47.28 45.1 4.6 9.3 1.9 -8.4

AgBr 47.9 19.7 7.0 36.4 56.3 32.8 7.2 32.2 -14.9 -39.8 -3.0 13.3

AgCd(98.08-1.92) 124.7 97.6 49.5 38.9 121.6 91.3 45.9 43.3 2.5 6.9 7.8 -10.1

AgCl 50.1 37.5 14.6 18.0 60.1 36.2 6.25 32.9 -16.6 3.7 133.6 -45.3

AgIn(91.64-8.36) 111.4 84.3 44.7 38.9 116.6 89 45 39.5 -4.4 -5.3 -0.6 -1.7

AgMg(96.93-3.07) 116.3 89.2 46.6 38.9 119.8 89.8 46 42.9 -2.9 -0.7 1.3 -9.2

AgSn(96.83-3.17) 130.6 104.4 48.9 38.0 121 92.2 45.8 41.3 8.0 13.2 6.7 -8.0

AgZn(97.6-2.4) 136.0 109.6 52.5 38.2 120.9 91.6 45.8 41.9 12.5 19.6 14.7 -8.9

Al 119.9 70.2 28.0 68.0 113.04 66.63 27.83 63.6 6.0 5.4 0.6 6.8

AlSb 98.5 49.8 37.4 65.0 89.39 44.27 41.55 60.1 10.1 12.5 -9.9 8.2

Au 192.7 157.5 36.3 51.0 192.44 162.98 42 43.0 0.1 -3.3 -13.6 18.6

Au3Ag 142.2 109.5 51.9 47.0 166.21 132.41 48.54 48.8 -14.4 -17.3 6.8 -3.8

Au3Ni 225.4 186.2 45.0 56.9 195.73 158.19 50.98 54.3 15.2 17.7 -11.7 4.8

AuAg 140.6 109.5 55.6 44.8 148.94 113.5 50.76 50.8 -5.6 -3.5 9.4 -11.8

AuAg3 132.2 101.7 49.5 43.8 138.26 104.48 48.78 48.3 -4.4 -2.6 1.4 -9.4

AuNi(57.58-42.42) 195.2 153.7 68.6 59.9 199.5 156 61.86 62.6 -2.1 -1.5 10.9 -4.3

AuNi(90.28-9.72) 194.3 157.8 41.1 52.9 192.31 160.95 44.97 45.6 1.0 -2.0 -8.7 15.8

AuNi(97.05-2.95) 204.9 174.6 42.4 44.3 192.59 162.61 43 43.7 6.4 7.4 -1.3 1.4

Ba3N2 67.9 31.7 12.7 47.8 60.2 18.6 12.1 51.4 12.8 70.3 4.9 -7.1

BaO 129.1 49.7 36.3 101.4 125.7 48.1 35.5 99.1 2.7 3.4 2.2 2.3

CaF2 165.9 32.7 32.6 155.1 162.8 43.3 33.4 144.6 1.9 -24.5 -2.4 7.3

CdTe 82.7 66.3 20.7 23.7 53.51 36.81 19.94 23.5 54.5 80.1 3.9 0.9

Co-fcc 241.5 178.7 95.5 89.5 225 160 92 92.0 7.3 11.7 3.8 -2.7

CoO 248.9 135.9 79.8 152.9 255.6 143.6 80.3 152.3 -2.6 -5.3 -0.7 0.4

Cr 350.9 65.2 104.3 330.5 350 67.8 100.8 328.0 0.3 -3.8 3.5 0.8

Cu 185.9 140.3 71.4 65.2 168.39 121.42 75.39 66.6 10.4 15.5 -5.3 -2.2

Cu3Au 193.8 150.8 78.5 61.8 190.69 138.3 66.31 74.4 1.6 9.1 18.4 -17.0

CuAl(95.19-4.81) 171.4 125.0 73.1 65.9 165.8 121.6 74.9 62.9 3.4 2.8 -2.4 4.8

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 147.1 129.5 92.2 25.9 142.38 124.1 95.24 26.8 3.3 4.3 -3.2 -3.3

CuGa(95.85-4.15) 168.2 125.1 69.3 61.5 165.2 121 74.1 62.9 1.8 3.4 -6.5 -2.3

CuGa(98.42-1.58) 167.8 119.0 72.1 69.0 165 119.2 74.3 65.0 1.7 -0.1 -3.0 6.2

CuGe(98.97-1.03) 174.5 131.8 73.7 61.1 166.6 121 75 64.8 4.7 8.9 -1.7 -5.8

CuNi(96.98-3.02) 173.9 127.9 71.9 65.5 169.33 121.89 76.31 67.3 2.7 4.9 -5.8 -2.7

CuSi(95.83-4.17) 175.8 131.6 74.4 63.1 167.8 124.2 74.8 62.1 4.8 6.0 -0.5 1.5

CuZn(77.3-22.7) 152.2 113.4 64.6 55.2 144.7 107.1 71.3 53.6 5.1 5.9 -9.4 3.1

CuZn(95.41-4.59) 150.1 103.6 65.2 65.5 163.4 119.2 74.2 62.8 -8.2 -13.1 -12.1 4.2

F3KMg 125.6 27.8 47.0 115.5 132 39.6 48.5 113.7 -4.9 -29.8 -3.0 1.6

Fe 224.0 126.6 123.0 132.6 233.1 135.44 117.83 133.6 -3.9 -6.5 4.4 -0.7

FeAl(59.89-40.11) 175.4 109.4 125.6 91.3 181.05 113.69 127.09 93.3 -3.1 -3.8 -1.1 -2.2

FeAl(66-34) 170.5 114.7 131.3 78.2 171.67 113.55 129.54 81.3 -0.7 1.0 1.4 -3.8

FeAl(71.92-28.08) 173.7 130.0 138.8 62.4 166.36 122.58 130.97 62.4 4.4 6.0 5.9 0.1

FeAl(74.95-25.05) 175.1 137.6 139.6 53.9 170.99 130.61 131.7 57.9 2.4 5.4 6.0 -6.8

FeAl(80.17-19.83) 173.1 116.6 120.6 79.3 179.42 124.82 125.54 77.0 -3.5 -6.6 -3.9 3.0

FeAl(85.5-14.5) 200.4 132.1 122.9 95.3 193.71 124.93 124.34 95.7 3.4 5.8 -1.1 -0.5

FeAl(90.35-9.65) 202.0 123.1 130.9 108.7 204.89 126.97 122.62 107.7 -1.4 -3.0 6.8 0.9

FeAl(96.03-3.97) 222.5 137.7 122.2 117.2 220.83 132.49 120.22 121.5 0.7 3.9 1.6 -3.5

FeCr2O4(Chromite) 324.9 146.6 121.4 233.7 322.5 143.7 116.7 233.9 0.7 2.0 4.0 -0.1

GaAs 124.9 50.9 52.4 95.5 119.04 53.84 59.52 85.5 5.0 -5.5 -11.9 11.7

GaP 148.5 61.3 62.6 112.7 141.2 62.53 70.47 102.8 5.2 -1.9 -11.1 9.6

Garnet(21.8% FeO) 205.1 93.5 51.9 146.6 197 90 57 140.6 4.1 3.8 -9.0 4.3

Garnet(22.7% FeO) 198.2 119.2 69.3 108.6 192 99 59 124.6 3.2 20.4 17.5 -12.8

Garnet(23.6% FeO) 204.5 105.7 69.3 132.4 210 103 67 142.2 -2.6 2.7 3.5 -6.9

Garnet(26.2% FeO) 226.8 131.0 54.6 130.9 226 126 62 135.8 0.4 3.9 -12.0 -3.6

Garnet(28.7% FeO) 273.7 157.7 67.2 158.3 273 157 68 158.4 0.3 0.5 -1.1 0.0

Garnet(33.5% FeO) 324.6 126.6 87.0 253.6 327 124 89 258.8 -0.7 2.1 -2.3 -2.0

GaSb 92.5 37.8 37.6 70.5 88.39 40.33 43.16 63.1 4.6 -6.2 -12.9 11.7

HfCo2 250.2 113.0 86.0 179.9 255.54 123.3 90.3 175.3 -2.1 -8.4 -4.8 2.6

HgTe 60.4 44.7 20.9 22.4 54.8 38.1 20.4 23.5 10.2 17.3 2.6 -4.9

InAs 79.9 44.3 39.8 48.3 83.29 45.26 39.59 51.4 -4.1 -2.2 0.4 -6.0

InP 103.3 60.8 41.7 58.3 102.2 57.6 46 60.7 1.1 5.5 -9.4 -3.9

InSb 67.4 32.0 26.6 46.7 64.72 32.65 30.71 42.8 4.1 -1.9 -13.5 9.2

KF 71.2 19.7 13.3 62.6 64.85 14.27 12.81 59.7 9.7 38.3 4.2 4.8

LiF 124.3 51.7 53.4 93.9 119 45.8 54.2 93.5 4.4 12.8 -1.5 0.4

Magnetite 273.9 103.5 99.2 217.2 275 104 95.5 217.9 -0.4 -0.5 3.9 -0.3

Mg2Sn 80.1 15.3 34.3 75.2 82.4 20.8 36.6 74.0 -2.8 -26.6 -6.3 1.6

MgAg 71.9 43.2 46.6 39.5 84.6 56.7 48.5 39.1 -15.0 -23.8 -3.9 1.1

MgAl2O4(Spinel) 276.2 147.5 162.0 173.6 279 153 153 170.6 -1.0 -3.6 5.9 1.7

MgCu2 122.5 76.6 46.3 63.7 122.8 70.6 41.2 71.3 -0.2 8.4 12.4 -10.7

MnO 225.0 125.2 81.5 135.4 223 120 79 139.0 0.9 4.4 3.1 -2.6

Mo 448.4 180.2 102.0 345.1 469.6 167.6 106.8 381.4 -4.5 7.5 -4.5 -9.5

MoRe(73.1-26.9) 453.0 167.2 126.4 362.9 460.7 195.9 132.3 343.8 -1.7 -14.7 -4.4 5.6

MoRe(83.4-16.6) 451.7 174.3 120.8 354.7 465 185.8 123.7 358.9 -2.9 -6.2 -2.4 -1.2

MoRe(93-7) 453.1 174.0 118.1 356.5 466.5 172.9 114.8 373.0 -2.9 0.6 2.9 -4.4

NaBrO3 64.5 22.3 14.2 53.0 57.32 17.64 15.23 49.0 12.5 26.7 -7.0 8.1

NaCl 59.4 21.3 10.6 48.2 49.6 13.1 12.68 44.1 19.8 62.8 -16.5 9.1

NaClO3 59.8 22.3 10.4 47.7 49.2 14.2 11.6 42.8 21.6 56.9 -10.6 11.4

NaF 101.0 25.8 27.3 90.5 96.3 24.59 27.94 86.3 4.9 4.9 -2.4 4.9

Nb 232.2 128.4 30.9 140.7 240.19 125.58 28.22 154.0 -3.3 2.3 9.6 -8.6

Nb3Sn 249.7 100.7 41.9 191.8 253.8 112.4 39.57 184.8 -1.6 -10.4 6.0 3.8

Ni 249.5 165.9 100.3 117.1 244 158 102 119.8 2.3 5.0 -1.6 -2.3

NiAl 203.2 135.6 115.0 94.8 211.55 143.23 112.11 95.9 -3.9 -5.4 2.6 -1.2

NiAl(90.4-9.6) 249.7 147.9 147.0 139.6 252 153 132 136.4 -0.9 -3.3 11.3 2.3

NiCu(31.1-68.9) 185.5 121.8 76.5 88.9 189.1 131.9 89.6 80.7 -1.9 -7.6 -14.6 10.2

NiCu(53.8-46.2) 207.4 139.9 98.6 94.6 208.6 142.8 100.9 92.5 -0.6 -2.0 -2.3 2.2

NiCu(77.2-22.8) 224.1 142.5 110.3 113.3 228.1 147.3 111.3 112.5 -1.8 -3.3 -0.9 0.7

NiCu(80-20) 224.1 142.5 97.0 113.4 229.8 149.4 113.7 112.1 -2.5 -4.6 -14.7 1.2

NiCu(92.7-7.3) 250.3 154.5 118.0 132.4 241.3 151.1 120.1 124.9 3.7 2.3 -1.7 5.9

PbF2 96.5 53.9 25.0 57.8 88.8 47.2 24.54 56.0 8.7 14.2 2.0 3.2

PbS 102.5 39.6 25.5 80.5 102 38 25 81.4 0.5 4.2 2.2 -1.1

Pd 224.7 181.8 84.4 62.0 227.1 176.04 71.73 73.4 -1.1 3.3 17.7 -15.5

Permalloy(Ni73.8-Fe26.2) 222.2 133.0 118.1 122.7 230.4 144.4 119.2 119.1 -3.6 -7.9 -0.9 3.0

Pt 356.6 267.1 84.7 127.9 346.7 250.7 76.5 136.3 2.9 6.5 10.8 -6.2

RbCl 364.3 67.8 53.8 343.0 362.42 61.24 46.78 344.7 0.5 10.7 14.9 -0.5

Si 175.4 71.4 77.4 134.1 165.78 63.94 79.62 130.2 5.8 11.7 -2.8 3.0

Sr3N2 57.6 29.5 13.7 37.5 47.3 21.8 14.6 33.5 21.7 35.5 -6.1 11.9

SrF2 125.9 44.3 31.3 102.8 123.5 43.05 31.28 101.2 1.9 3.0 0.1 1.5

SrO 149.6 30.9 60.8 139.1 160.1 43.5 59 141.5 -6.5 -29.0 3.0 -1.7

SrTiO3 324.6 118.9 126.0 260.8 318.7 103.4 123 268.0 1.8 15.0 2.5 -2.7

Ta 256.4 156.4 86.5 137.8 266.7 160.8 82.49 145.7 -3.9 -2.7 4.9 -5.4

Th 74.6 45.3 44.9 40.3 75.3 48.9 47.8 36.8 -0.9 -7.3 -6.1 9.6

ThO2 359.6 75.6 69.5 333.3 367 106 79.7 319.5 -2.0 -28.6 -12.9 4.3

TlCl 48.0 22.1 7.4 34.1 40.1 15.3 7.6 31.6 19.6 44.1 -2.9 7.7

UC 322.7 63.2 59.0 302.0 320 85 64.7 284.3 0.9 -25.6 -8.8 6.2

UO2 382.9 77.3 68.1 357.0 396 121 64.1 339.4 -3.3 -36.1 6.2 5.2

V 236.4 135.0 45.3 138.3 227.95 118.7 42.55 146.7 3.7 13.7 6.4 -5.7

ZnS 101.7 59.7 42.6 57.5 104.62 65.34 46.13 54.4 -2.8 -8.7 -7.8 5.8

ZnSe 76.1 46.1 46.4 41.3 80.96 48.81 44.05 44.2 -6.0 -5.6 5.4 -6.6

ZnTe 78.6 47.9 30.9 42.3 71.34 40.78 31.15 41.7 10.1 17.4 -0.9 1.5

ZrCo2 222.8 97.2 81.4 163.8 233.11 112.71 83.66 159.6 -4.4 -13.7 -2.6 2.6
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Table S3: Comparison between reported and predicted elastic constants of cubic materials 

when 3 modes are randomly removed. 

 

Predicted values Reported values Error

C11 C12 C44 E1 C11 C12 C44 E1 C11 C12 C44 E1

Material GPa GPa GPa GPa GPa GPa GPa GPa % % % %

Ag 123.3 94.6 49.7 41.2 123.99 93.67 46.12 43.4 -0.6 1.0 7.7 -5.0

AgAl(98.4-1.6) 137.8 112.3 49.9 36.9 128.07 98.3 46.43 42.7 7.6 14.2 7.6 -13.5

AgAu(96-4) 127.6 100.2 50.0 39.5 124.27 92.66 47.28 45.1 2.7 8.1 5.8 -12.3

AgBr 47.6 21.5 7.3 34.1 56.3 32.8 7.2 32.2 -15.5 -34.3 1.3 6.1

AgCd(98.08-1.92) 128.8 101.8 50.3 38.9 121.6 91.3 45.9 43.3 5.9 11.5 9.6 -10.1

AgCl 50.2 38.0 15.8 17.5 60.1 36.2 6.25 32.9 -16.5 4.8 153.5 -46.8

AgIn(91.64-8.36) 114.7 86.5 46.9 40.3 116.6 89 45 39.5 -1.6 -2.8 4.2 1.8

AgMg(96.93-3.07) 118.1 89.7 48.3 40.6 119.8 89.8 46 42.9 -1.4 -0.1 5.0 -5.2

AgSn(96.83-3.17) 132.4 105.9 50.6 38.3 121 92.2 45.8 41.3 9.5 14.9 10.5 -7.1

AgZn(97.6-2.4) 135.1 108.6 52.5 38.2 120.9 91.6 45.8 41.9 11.7 18.6 14.6 -8.8

Al 119.3 70.5 28.6 66.8 113.04 66.63 27.83 63.6 5.5 5.9 2.6 5.1

AlSb 98.5 50.1 38.5 64.6 89.39 44.27 41.55 60.1 10.1 13.2 -7.3 7.6

Au 190.1 155.0 38.0 50.9 192.44 162.98 42 43.0 -1.2 -4.9 -9.6 18.5

Au3Ag 159.1 122.2 44.7 53.0 166.21 132.41 48.54 48.8 -4.3 -7.7 -7.9 8.6

Au3Ni 239.5 197.5 47.2 61.0 195.73 158.19 50.98 54.3 22.3 24.8 -7.4 12.3

AuAg 139.6 106.8 55.8 47.0 148.94 113.5 50.76 50.8 -6.3 -5.9 9.8 -7.4

AuAg3 143.9 113.4 56.0 43.9 138.26 104.48 48.78 48.3 4.1 8.5 14.7 -9.1

AuNi(57.58-42.42) 194.4 151.1 65.5 62.2 199.5 156 61.86 62.6 -2.6 -3.1 6.0 -0.6

AuNi(90.28-9.72) 212.0 175.6 42.8 52.8 192.31 160.95 44.97 45.6 10.2 9.1 -4.8 15.7

AuNi(97.05-2.95) 201.4 171.8 44.7 43.3 192.59 162.61 43 43.7 4.6 5.6 4.0 -1.0

Ba3N2 83.2 43.5 12.6 53.3 60.2 18.6 12.1 51.4 38.2 133.6 4.4 3.8

BaO 129.9 49.9 36.4 102.2 125.7 48.1 35.5 99.1 3.3 3.7 2.4 3.1

CaF2 168.0 35.5 35.0 155.7 162.8 43.3 33.4 144.6 3.2 -18.1 4.8 7.6

CdTe 71.6 51.5 18.0 28.5 53.51 36.81 19.94 23.5 33.8 39.8 -9.5 21.3

Co-fcc 240.0 179.1 97.0 86.9 225 160 92 92.0 6.6 11.9 5.4 -5.6

CoO 252.3 139.9 81.6 152.5 255.6 143.6 80.3 152.3 -1.3 -2.6 1.6 0.1

Cr 347.8 65.4 104.7 327.1 350 67.8 100.8 328.0 -0.6 -3.5 3.9 -0.3

Cu 187.8 140.1 76.4 68.1 168.39 121.42 75.39 66.6 11.5 15.4 1.3 2.2

Cu3Au 200.5 154.5 76.0 65.9 190.69 138.3 66.31 74.4 5.1 11.7 14.7 -11.4

CuAl(95.19-4.81) 175.2 129.3 75.7 65.4 165.8 121.6 74.9 62.9 5.7 6.3 1.1 4.0

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 151.6 132.2 90.7 28.5 142.38 124.1 95.24 26.8 6.5 6.5 -4.8 6.5

CuGa(95.85-4.15) 172.1 128.0 73.8 62.9 165.2 121 74.1 62.9 4.2 5.8 -0.4 0.1

CuGa(98.42-1.58) 171.1 123.9 75.5 66.9 165 119.2 74.3 65.0 3.7 4.0 1.7 2.9

CuGe(98.97-1.03) 180.3 136.5 74.9 62.6 166.6 121 75 64.8 8.2 12.8 -0.1 -3.4

CuNi(96.98-3.02) 173.0 124.6 72.8 68.7 169.33 121.89 76.31 67.3 2.2 2.2 -4.6 2.1

CuSi(95.83-4.17) 176.7 131.2 75.0 64.9 167.8 124.2 74.8 62.1 5.3 5.6 0.3 4.4

CuZn(77.3-22.7) 149.6 110.9 67.5 55.2 144.7 107.1 71.3 53.6 3.4 3.5 -5.4 2.9

CuZn(95.41-4.59) 149.5 97.7 64.9 72.3 163.4 119.2 74.2 62.8 -8.5 -18.0 -12.6 15.0

F3KMg 126.6 29.2 47.4 115.6 132 39.6 48.5 113.7 -4.1 -26.2 -2.2 1.7

Fe 223.5 125.1 123.4 133.7 233.1 135.44 117.83 133.6 -4.1 -7.6 4.8 0.1

FeAl(59.89-40.11) 174.9 108.2 134.0 92.2 181.05 113.69 127.09 93.3 -3.4 -4.9 5.4 -1.2

FeAl(66-34) 173.1 113.7 130.2 83.0 171.67 113.55 129.54 81.3 0.9 0.1 0.5 2.1

FeAl(71.92-28.08) 170.6 127.1 135.1 62.1 166.36 122.58 130.97 62.4 2.5 3.6 3.2 -0.4

FeAl(74.95-25.05) 174.3 136.1 138.6 54.9 170.99 130.61 131.7 57.9 1.9 4.2 5.3 -5.1

FeAl(80.17-19.83) 173.2 115.3 124.5 81.1 179.42 124.82 125.54 77.0 -3.5 -7.6 -0.8 5.3

FeAl(85.5-14.5) 200.6 132.9 126.7 94.7 193.71 124.93 124.34 95.7 3.6 6.4 1.9 -1.1

FeAl(90.35-9.65) 202.8 124.5 134.4 108.1 204.89 126.97 122.62 107.7 -1.0 -2.0 9.6 0.4

FeAl(96.03-3.97) 223.2 137.0 124.0 118.9 220.83 132.49 120.22 121.5 1.1 3.4 3.1 -2.1

FeCr2O4(Chromite) 323.5 143.1 119.5 235.7 322.5 143.7 116.7 233.9 0.3 -0.4 2.4 0.8

GaAs 124.3 51.3 53.9 94.3 119.04 53.84 59.52 85.5 4.4 -4.7 -9.5 10.3

GaP 148.5 60.4 62.9 113.7 141.2 62.53 70.47 102.8 5.2 -3.5 -10.7 10.5

Garnet(21.8% FeO) 202.3 84.3 51.5 152.7 197 90 57 140.6 2.7 -6.3 -9.6 8.6

Garnet(22.7% FeO) 197.8 122.4 67.7 104.1 192 99 59 124.6 3.0 23.7 14.8 -16.5

Garnet(23.6% FeO) 212.1 115.7 75.4 130.5 210 103 67 142.2 1.0 12.3 12.5 -8.3

Garnet(26.2% FeO) 229.2 129.7 57.1 135.5 226 126 62 135.8 1.4 2.9 -7.9 -0.2

Garnet(28.7% FeO) 281.1 163.3 68.4 161.1 273 157 68 158.4 3.0 4.0 0.6 1.7

Garnet(33.5% FeO) 325.6 125.8 85.2 255.5 327 124 89 258.8 -0.4 1.4 -4.2 -1.3

GaSb 94.8 38.8 38.6 72.4 88.39 40.33 43.16 63.1 7.3 -3.9 -10.7 14.6

HfCo2 247.6 109.9 91.0 180.0 255.54 123.3 90.3 175.3 -3.1 -10.8 0.8 2.7

HgTe 63.3 48.9 22.8 20.8 54.8 38.1 20.4 23.5 15.6 28.2 11.6 -11.8

InAs 80.3 44.2 42.1 48.9 83.29 45.26 39.59 51.4 -3.6 -2.3 6.2 -4.9

InP 103.4 58.9 43.4 60.6 102.2 57.6 46 60.7 1.2 2.3 -5.8 -0.1

InSb 71.2 37.4 28.3 45.4 64.72 32.65 30.71 42.8 10.0 14.6 -8.0 6.1

KF 72.1 19.3 13.1 64.0 64.85 14.27 12.81 59.7 11.2 35.2 2.6 7.2

LiF 125.8 50.6 53.5 96.8 119 45.8 54.2 93.5 5.7 10.4 -1.2 3.5

Magnetite 277.1 107.9 99.8 216.6 275 104 95.5 217.9 0.7 3.7 4.5 -0.6

Mg2Sn 81.3 15.3 34.8 76.4 82.4 20.8 36.6 74.0 -1.4 -26.4 -4.9 3.2

MgAg 76.6 46.7 49.4 41.3 84.6 56.7 48.5 39.1 -9.5 -17.7 1.8 5.6

MgAl2O4(Spinel) 277.7 145.3 165.4 178.0 279 153 153 170.6 -0.5 -5.1 8.1 4.3

MgCu2 124.1 75.9 48.0 66.5 122.8 70.6 41.2 71.3 1.1 7.5 16.6 -6.7

MnO 224.7 128.7 89.4 131.0 223 120 79 139.0 0.8 7.2 13.1 -5.8

Mo 452.3 178.9 105.8 350.9 469.6 167.6 106.8 381.4 -3.7 6.7 -1.0 -8.0

MoRe(73.1-26.9) 451.4 172.2 129.2 356.2 460.7 195.9 132.3 343.8 -2.0 -12.1 -2.3 3.6

MoRe(83.4-16.6) 449.3 173.2 125.1 352.9 465 185.8 123.7 358.9 -3.4 -6.8 1.2 -1.7

MoRe(93-7) 449.0 171.8 120.8 353.9 466.5 172.9 114.8 373.0 -3.7 -0.6 5.2 -5.1

NaBrO3 66.4 24.7 14.2 53.0 57.32 17.64 15.23 49.0 15.9 40.1 -6.5 8.2

NaCl 58.2 19.3 11.2 48.6 49.6 13.1 12.68 44.1 17.3 47.0 -11.4 10.1

NaClO3 60.5 19.2 11.3 51.3 49.2 14.2 11.6 42.8 22.9 35.0 -2.2 19.6

NaF 99.7 20.3 26.8 92.8 96.3 24.59 27.94 86.3 3.5 -17.3 -4.2 7.5

Nb 238.4 131.5 30.7 145.0 240.19 125.58 28.22 154.0 -0.7 4.7 8.9 -5.8

Nb3Sn 262.1 105.5 39.0 201.6 253.8 112.4 39.57 184.8 3.3 -6.2 -1.4 9.1

Ni 252.6 165.5 101.4 121.6 244 158 102 119.8 3.5 4.8 -0.6 1.5

NiAl 203.9 133.8 118.1 97.8 211.55 143.23 112.11 95.9 -3.6 -6.6 5.3 2.0

NiAl(90.4-9.6) 245.9 145.6 143.3 137.5 252 153 132 136.4 -2.4 -4.8 8.5 0.8

NiCu(31.1-68.9) 185.1 119.1 76.4 91.8 189.1 131.9 89.6 80.7 -2.1 -9.7 -14.7 13.7

NiCu(53.8-46.2) 207.1 136.2 90.5 99.1 208.6 142.8 100.9 92.5 -0.7 -4.6 -10.3 7.1

NiCu(77.2-22.8) 224.1 139.2 107.3 117.5 228.1 147.3 111.3 112.5 -1.7 -5.5 -3.6 4.4

NiCu(80-20) 231.1 153.5 106.4 108.6 229.8 149.4 113.7 112.1 0.6 2.7 -6.4 -3.1

NiCu(92.7-7.3) 246.1 150.0 120.6 132.6 241.3 151.1 120.1 124.9 2.0 -0.7 0.4 6.1

PbF2 94.3 53.6 24.7 55.4 88.8 47.2 24.54 56.0 6.1 13.5 0.6 -1.1

PbS 102.8 39.6 24.9 80.8 102 38 25 81.4 0.7 4.1 -0.4 -0.7

Pd 225.0 180.1 86.4 64.8 227.1 176.04 71.73 73.4 -0.9 2.3 20.5 -11.6

Permalloy(Ni73.8-Fe26.2) 223.6 133.8 122.8 123.3 230.4 144.4 119.2 119.1 -3.0 -7.3 3.0 3.5

Pt 354.2 262.6 79.2 130.6 346.7 250.7 76.5 136.3 2.2 4.8 3.5 -4.2

RbCl 368.1 67.7 53.7 347.1 362.42 61.24 46.78 344.7 1.6 10.6 14.7 0.7

Si 175.9 70.2 79.7 135.8 165.78 63.94 79.62 130.2 6.1 9.8 0.1 4.4

Sr3N2 55.9 28.5 14.6 36.6 47.3 21.8 14.6 33.5 18.1 30.7 -0.1 9.2

SrF2 126.8 46.4 31.6 101.9 123.5 43.05 31.28 101.2 2.7 7.8 1.2 0.7

SrO 152.4 32.9 60.1 140.8 160.1 43.5 59 141.5 -4.8 -24.4 1.9 -0.5

SrTiO3 326.5 119.2 126.7 262.8 318.7 103.4 123 268.0 2.5 15.2 3.0 -1.9

Ta 255.9 156.3 89.8 137.4 266.7 160.8 82.49 145.7 -4.0 -2.8 8.9 -5.7

Th 76.2 46.5 47.6 41.0 75.3 48.9 47.8 36.8 1.2 -5.0 -0.4 11.5

ThO2 356.8 73.7 69.5 331.5 367 106 79.7 319.5 -2.8 -30.5 -12.8 3.8

TlCl 48.7 21.8 7.8 35.3 40.1 15.3 7.6 31.6 21.5 42.3 2.1 11.5

UC 324.7 67.2 61.2 301.7 320 85 64.7 284.3 1.5 -20.9 -5.3 6.1

UO2 374.2 77.9 66.3 347.3 396 121 64.1 339.4 -5.5 -35.6 3.5 2.3

V 235.1 137.5 47.2 133.5 227.95 118.7 42.55 146.7 3.1 15.9 10.9 -9.0

ZnS 103.0 59.5 44.0 59.4 104.62 65.34 46.13 54.4 -1.6 -8.9 -4.6 9.2

ZnSe 77.1 46.6 47.3 42.0 80.96 48.81 44.05 44.2 -4.7 -4.6 7.3 -5.0

ZnTe 77.7 46.1 31.4 43.3 71.34 40.78 31.15 41.7 8.9 13.1 0.9 3.9

ZrCo2 222.4 93.5 83.0 167.1 233.11 112.71 83.66 159.6 -4.6 -17.0 -0.8 4.7



S11 

 

Table S4: Comparison between reported and predicted elastic constants of cubic materials 

when 5 modes are randomly removed. 

 

Predicted values Reported values Error

C11 C12 C44 E1 C11 C12 C44 E1 C11 C12 C44 E1

Material GPa GPa GPa GPa GPa GPa GPa GPa % % % %

Ag 126.9 97.3 51.1 42.4 123.99 93.67 46.12 43.4 2.3 3.9 10.9 -2.3

AgAl(98.4-1.6) 147.0 118.9 49.6 40.6 128.07 98.3 46.43 42.7 14.8 21.0 6.8 -4.8

AgAu(96-4) 128.7 97.5 49.0 44.7 124.27 92.66 47.28 45.1 3.6 5.2 3.7 -0.9

AgBr 49.0 21.2 7.6 36.2 56.3 32.8 7.2 32.2 -13.0 -35.4 4.9 12.5

AgCd(98.08-1.92) 126.5 98.1 49.6 40.9 121.6 91.3 45.9 43.3 4.1 7.4 8.1 -5.6

AgCl 47.5 27.8 11.2 26.9 60.1 36.2 6.25 32.9 -21.0 -23.2 79.8 -18.0

AgIn(91.64-8.36) 120.1 93.6 48.2 38.1 116.6 89 45 39.5 3.0 5.2 7.1 -3.7

AgMg(96.93-3.07) 119.5 91.2 47.4 40.5 119.8 89.8 46 42.9 -0.3 1.6 3.0 -5.5

AgSn(96.83-3.17) 129.2 102.0 50.4 39.3 121 92.2 45.8 41.3 6.8 10.6 10.1 -4.8

AgZn(97.6-2.4) 143.6 115.7 53.5 40.3 120.9 91.6 45.8 41.9 18.8 26.3 16.8 -3.9

Al 118.7 69.4 28.3 67.6 113.04 66.63 27.83 63.6 5.0 4.1 1.5 6.2

AlSb 99.4 49.7 39.6 66.3 89.39 44.27 41.55 60.1 11.1 12.2 -4.7 10.3

Au 201.6 167.6 39.6 49.5 192.44 162.98 42 43.0 4.8 2.8 -5.8 15.2

Au3Ag 155.9 121.9 52.1 49.0 166.21 132.41 48.54 48.8 -6.2 -8.0 7.3 0.4

Au3Ni 232.2 191.0 46.7 59.9 195.73 158.19 50.98 54.3 18.7 20.7 -8.4 10.3

AuAg 141.1 108.9 55.0 46.3 148.94 113.5 50.76 50.8 -5.2 -4.1 8.4 -8.8

AuAg3 146.1 112.2 52.7 48.7 138.26 104.48 48.78 48.3 5.7 7.4 8.1 0.8

AuNi(57.58-42.42) 198.0 154.5 65.6 62.6 199.5 156 61.86 62.6 -0.8 -1.0 6.1 0.0

AuNi(90.28-9.72) 213.2 174.6 41.0 56.0 192.31 160.95 44.97 45.6 10.8 8.5 -8.8 22.7

AuNi(97.05-2.95) 210.9 182.9 46.0 41.1 192.59 162.61 43 43.7 9.5 12.5 7.0 -6.0

Ba3N2 80.6 36.4 12.4 58.0 60.2 18.6 12.1 51.4 33.9 95.6 2.7 12.8

BaO 130.0 49.7 36.4 102.5 125.7 48.1 35.5 99.1 3.4 3.4 2.7 3.5

CaF2 162.7 31.4 35.5 152.5 162.8 43.3 33.4 144.6 -0.1 -27.4 6.2 5.5

CdTe 63.8 47.2 21.5 23.7 53.51 36.81 19.94 23.5 19.3 28.1 8.0 1.0

Co-fcc 241.2 180.4 94.8 86.9 225 160 92 92.0 7.2 12.7 3.1 -5.6

CoO 253.9 138.3 84.9 156.4 255.6 143.6 80.3 152.3 -0.7 -3.7 5.7 2.7

Cr 351.9 62.3 102.1 333.2 350 67.8 100.8 328.0 0.6 -8.1 1.3 1.6

Cu 185.5 138.4 75.6 67.2 168.39 121.42 75.39 66.6 10.2 14.0 0.3 0.9

Cu3Au 198.1 148.0 72.4 71.6 190.69 138.3 66.31 74.4 3.9 7.0 9.1 -3.8

CuAl(95.19-4.81) 175.0 128.0 74.3 66.9 165.8 121.6 74.9 62.9 5.5 5.2 -0.7 6.3

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 150.2 130.2 88.8 29.3 142.38 124.1 95.24 26.8 5.5 4.9 -6.8 9.3

CuGa(95.85-4.15) 168.7 121.9 74.5 66.5 165.2 121 74.1 62.9 2.1 0.7 0.5 5.8

CuGa(98.42-1.58) 171.3 125.4 75.4 65.3 165 119.2 74.3 65.0 3.8 5.2 1.5 0.5

CuGe(98.97-1.03) 171.6 125.6 74.6 65.4 166.6 121 75 64.8 3.0 3.8 -0.6 0.9

CuNi(96.98-3.02) 175.0 126.2 74.7 69.2 169.33 121.89 76.31 67.3 3.3 3.6 -2.1 2.8

CuSi(95.83-4.17) 174.2 128.2 75.4 65.4 167.8 124.2 74.8 62.1 3.8 3.3 0.8 5.2

CuZn(77.3-22.7) 151.5 111.4 69.8 57.2 144.7 107.1 71.3 53.6 4.7 4.0 -2.2 6.6

CuZn(95.41-4.59) 147.8 101.9 76.9 64.7 163.4 119.2 74.2 62.8 -9.5 -14.5 3.7 2.9

F3KMg 132.4 36.5 48.5 116.6 132 39.6 48.5 113.7 0.3 -7.7 0.0 2.5

Fe 229.9 125.5 117.5 141.3 233.1 135.44 117.83 133.6 -1.4 -7.3 -0.3 5.8

FeAl(59.89-40.11) 175.8 106.4 129.0 95.5 181.05 113.69 127.09 93.3 -2.9 -6.4 1.5 2.3

FeAl(66-34) 174.0 116.7 136.5 80.4 171.67 113.55 129.54 81.3 1.4 2.7 5.4 -1.1

FeAl(71.92-28.08) 171.7 127.6 133.3 62.9 166.36 122.58 130.97 62.4 3.2 4.1 1.8 0.8

FeAl(74.95-25.05) 175.9 136.7 138.5 56.3 170.99 130.61 131.7 57.9 2.9 4.7 5.2 -2.7

FeAl(80.17-19.83) 173.8 115.3 125.6 81.8 179.42 124.82 125.54 77.0 -3.1 -7.6 0.1 6.3

FeAl(85.5-14.5) 223.4 156.0 129.1 95.1 193.71 124.93 124.34 95.7 15.3 24.9 3.8 -0.7

FeAl(90.35-9.65) 203.1 122.4 135.1 111.1 204.89 126.97 122.62 107.7 -0.9 -3.6 10.2 3.2

FeAl(96.03-3.97) 223.1 137.4 125.7 118.4 220.83 132.49 120.22 121.5 1.0 3.7 4.5 -2.5

FeCr2O4(Chromite) 330.9 146.3 126.3 241.1 322.5 143.7 116.7 233.9 2.6 1.8 8.2 3.1

GaAs 124.5 51.3 54.3 94.6 119.04 53.84 59.52 85.5 4.6 -4.7 -8.8 10.6

GaP 150.6 60.9 67.1 115.5 141.2 62.53 70.47 102.8 6.7 -2.6 -4.7 12.3

Garnet(21.8% FeO) 200.7 85.3 53.5 149.8 197 90 57 140.6 1.9 -5.2 -6.2 6.6

Garnet(22.7% FeO) 198.7 120.1 66.7 108.2 192 99 59 124.6 3.5 21.3 13.0 -13.2

Garnet(23.6% FeO) 205.4 99.6 70.7 140.3 210 103 67 142.2 -2.2 -3.3 5.6 -1.3

Garnet(26.2% FeO) 228.9 129.4 58.2 135.4 226 126 62 135.8 1.3 2.7 -6.1 -0.3

Garnet(28.7% FeO) 273.5 155.5 71.3 160.8 273 157 68 158.4 0.2 -0.9 4.9 1.5

Garnet(33.5% FeO) 324.7 126.5 86.6 253.8 327 124 89 258.8 -0.7 2.0 -2.7 -2.0

GaSb 97.1 40.3 39.2 73.4 88.39 40.33 43.16 63.1 9.9 0.0 -9.1 16.4

HfCo2 247.6 107.6 95.8 182.4 255.54 123.3 90.3 175.3 -3.1 -12.8 6.1 4.1

HgTe 64.0 48.9 27.4 21.6 54.8 38.1 20.4 23.5 16.8 28.4 34.5 -8.2

InAs 81.0 46.3 44.7 47.4 83.29 45.26 39.59 51.4 -2.7 2.3 13.0 -7.9

InP 106.5 60.4 44.5 62.7 102.2 57.6 46 60.7 4.2 4.9 -3.3 3.4

InSb 74.6 40.7 29.8 45.8 64.72 32.65 30.71 42.8 15.2 24.7 -3.0 7.1

KF 72.2 18.9 13.2 64.4 64.85 14.27 12.81 59.7 11.4 32.4 3.0 7.9

LiF 125.4 50.0 56.2 96.9 119 45.8 54.2 93.5 5.3 9.1 3.7 3.6

Magnetite 276.2 104.2 100.5 219.0 275 104 95.5 217.9 0.4 0.2 5.3 0.5

Mg2Sn 82.1 16.4 36.5 76.7 82.4 20.8 36.6 74.0 -0.3 -21.4 -0.2 3.6

MgAg 71.9 42.6 49.2 40.2 84.6 56.7 48.5 39.1 -15.0 -24.9 1.5 2.8

MgAl2O4(Spinel) 277.2 142.9 161.2 180.0 279 153 153 170.6 -0.6 -6.6 5.3 5.5

MgCu2 124.1 75.8 48.0 66.6 122.8 70.6 41.2 71.3 1.1 7.4 16.6 -6.5

MnO 222.9 124.0 85.7 134.2 223 120 79 139.0 -0.1 3.4 8.5 -3.5

Mo 449.0 175.7 104.8 350.2 469.6 167.6 106.8 381.4 -4.4 4.8 -1.9 -8.2

MoRe(73.1-26.9) 444.4 174.2 139.7 346.3 460.7 195.9 132.3 343.8 -3.5 -11.1 5.6 0.7

MoRe(83.4-16.6) 449.6 174.6 123.8 351.9 465 185.8 123.7 358.9 -3.3 -6.0 0.1 -2.0

MoRe(93-7) 450.8 171.0 123.1 356.8 466.5 172.9 114.8 373.0 -3.4 -1.1 7.2 -4.3

NaBrO3 68.4 25.9 15.0 54.1 57.32 17.64 15.23 49.0 19.3 46.9 -1.7 10.4

NaCl 60.4 20.4 11.7 50.1 49.6 13.1 12.68 44.1 21.8 55.5 -7.8 13.6

NaClO3 66.1 21.3 10.8 55.8 49.2 14.2 11.6 42.8 34.4 49.8 -7.1 30.2

NaF 99.3 21.3 28.9 91.8 96.3 24.59 27.94 86.3 3.1 -13.4 3.5 6.4

Nb 245.2 136.3 33.5 147.8 240.19 125.58 28.22 154.0 2.1 8.5 18.6 -4.0

Nb3Sn 259.2 104.9 41.4 198.8 253.8 112.4 39.57 184.8 2.1 -6.7 4.7 7.6

Ni 251.7 164.5 98.8 121.6 244 158 102 119.8 3.2 4.1 -3.1 1.5

NiAl 203.0 129.9 117.9 101.6 211.55 143.23 112.11 95.9 -4.0 -9.3 5.2 6.0

NiAl(90.4-9.6) 244.4 141.8 148.6 140.2 252 153 132 136.4 -3.0 -7.3 12.6 2.8

NiCu(31.1-68.9) 187.7 118.1 77.3 96.4 189.1 131.9 89.6 80.7 -0.7 -10.4 -13.7 19.5

NiCu(53.8-46.2) 212.6 146.3 102.4 93.4 208.6 142.8 100.9 92.5 1.9 2.4 1.5 0.9

NiCu(77.2-22.8) 224.5 138.8 103.3 118.5 228.1 147.3 111.3 112.5 -1.6 -5.8 -7.2 5.4

NiCu(80-20) 225.7 144.2 104.9 113.4 229.8 149.4 113.7 112.1 -1.8 -3.5 -7.7 1.2

NiCu(92.7-7.3) 245.1 146.7 125.5 135.2 241.3 151.1 120.1 124.9 1.6 -2.9 4.5 8.2

PbF2 92.5 50.6 25.3 56.7 88.8 47.2 24.54 56.0 4.1 7.1 2.9 1.2

PbS 104.4 38.5 25.8 83.7 102 38 25 81.4 2.4 1.2 3.2 2.9

Pd 216.9 169.6 84.1 68.0 227.1 176.04 71.73 73.4 -4.5 -3.6 17.2 -7.2

Permalloy(Ni73.8-Fe26.2) 222.0 134.5 125.9 120.6 230.4 144.4 119.2 119.1 -3.6 -6.9 5.6 1.2

Pt 354.2 263.2 84.5 129.8 346.7 250.7 76.5 136.3 2.2 5.0 10.4 -4.7

RbCl 368.7 71.2 58.0 345.6 362.42 61.24 46.78 344.7 1.7 16.2 24.0 0.3

Si 175.8 68.6 81.5 137.3 165.78 63.94 79.62 130.2 6.0 7.3 2.4 5.4

Sr3N2 56.7 29.2 14.2 36.8 47.3 21.8 14.6 33.5 19.8 33.9 -2.8 9.7

SrF2 127.0 43.1 31.7 105.1 123.5 43.05 31.28 101.2 2.8 0.1 1.4 3.9

SrO 150.3 30.9 61.9 139.8 160.1 43.5 59 141.5 -6.1 -28.9 4.9 -1.2

SrTiO3 325.3 118.6 132.7 261.9 318.7 103.4 123 268.0 2.1 14.7 7.9 -2.3

Ta 259.4 160.4 89.6 136.7 266.7 160.8 82.49 145.7 -2.8 -0.2 8.6 -6.2

Th 76.1 45.2 47.1 42.5 75.3 48.9 47.8 36.8 1.1 -7.7 -1.4 15.4

ThO2 362.7 75.9 70.2 336.5 367 106 79.7 319.5 -1.2 -28.4 -12.0 5.3

TlCl 48.2 22.2 7.7 34.1 40.1 15.3 7.6 31.6 20.1 45.4 1.9 7.8

UC 320.5 68.9 63.8 296.1 320 85 64.7 284.3 0.1 -19.0 -1.4 4.1

UO2 385.3 93.4 70.4 348.9 396 121 64.1 339.4 -2.7 -22.8 9.8 2.8

V 232.3 133.9 48.0 134.3 227.95 118.7 42.55 146.7 1.9 12.8 12.9 -8.4

ZnS 103.6 59.4 44.4 60.3 104.62 65.34 46.13 54.4 -1.0 -9.1 -3.8 10.8

ZnSe 77.5 46.7 47.8 42.4 80.96 48.81 44.05 44.2 -4.3 -4.4 8.5 -4.1

ZnTe 76.6 45.3 32.7 43.0 71.34 40.78 31.15 41.7 7.4 11.0 5.0 3.2

ZrCo2 223.1 95.8 85.3 165.5 233.11 112.71 83.66 159.6 -4.3 -15.0 2.0 3.7
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Table S5: Comparison between reported and predicted elastic constants of cubic materials 

when 7 modes are randomly removed. 

 

Predicted values Reported values Error

C11 C12 C44 E1 C11 C12 C44 E1 C11 C12 C44 E1

Material GPa GPa GPa GPa GPa GPa GPa GPa % % % %

Ag 127.4 97.2 50.2 43.3 123.99 93.67 46.12 43.4 2.8 3.7 8.7 0.0

AgAl(98.4-1.6) 134.8 103.4 48.9 45.0 128.07 98.3 46.43 42.7 5.3 5.2 5.3 5.5

AgAu(96-4) 130.9 96.0 50.5 49.6 124.27 92.66 47.28 45.1 5.4 3.7 6.7 10.1

AgBr 49.1 22.1 7.6 35.3 56.3 32.8 7.2 32.2 -12.8 -32.5 6.0 9.8

AgCd(98.08-1.92) 128.2 99.1 48.8 41.9 121.6 91.3 45.9 43.3 5.5 8.5 6.4 -3.2

AgCl 51.0 38.9 17.1 17.4 60.1 36.2 6.25 32.9 -15.1 7.3 172.9 -47.1

AgIn(91.64-8.36) 115.0 86.9 46.4 40.1 116.6 89 45 39.5 -1.4 -2.4 3.2 1.5

AgMg(96.93-3.07) 123.4 93.0 49.7 43.4 119.8 89.8 46 42.9 3.0 3.6 8.1 1.2

AgSn(96.83-3.17) 120.5 92.1 48.9 40.6 121 92.2 45.8 41.3 -0.4 -0.1 6.8 -1.5

AgZn(97.6-2.4) 133.1 104.7 52.5 40.9 120.9 91.6 45.8 41.9 10.1 14.3 14.6 -2.5

Al 121.5 70.9 29.0 69.3 113.04 66.63 27.83 63.6 7.5 6.4 4.3 8.9

AlSb 99.0 50.6 39.5 64.7 89.39 44.27 41.55 60.1 10.7 14.4 -4.9 7.7

Au 182.7 148.2 42.4 50.0 192.44 162.98 42 43.0 -5.1 -9.1 0.9 16.3

Au3Ag 182.9 142.3 45.4 58.3 166.21 132.41 48.54 48.8 10.1 7.5 -6.5 19.6

Au3Ni 212.2 172.0 54.3 58.2 195.73 158.19 50.98 54.3 8.4 8.7 6.5 7.2

AuAg 163.3 129.5 60.4 48.8 148.94 113.5 50.76 50.8 9.6 14.1 19.0 -4.0

AuAg3 147.5 114.7 54.5 47.2 138.26 104.48 48.78 48.3 6.7 9.8 11.8 -2.3

AuNi(57.58-42.42) 186.5 144.8 68.7 60.0 199.5 156 61.86 62.6 -6.5 -7.2 11.0 -4.2

AuNi(90.28-9.72) 214.1 174.8 42.7 57.0 192.31 160.95 44.97 45.6 11.3 8.6 -5.2 24.9

AuNi(97.05-2.95) 212.6 181.7 45.9 45.2 192.59 162.61 43 43.7 10.4 11.7 6.8 3.3

Ba3N2 78.0 33.3 12.4 58.0 60.2 18.6 12.1 51.4 29.5 79.1 2.5 12.8

BaO 133.4 51.7 37.6 104.5 125.7 48.1 35.5 99.1 6.1 7.4 5.9 5.5

CaF2 168.8 34.1 35.2 157.3 162.8 43.3 33.4 144.6 3.7 -21.2 5.5 8.8

CdTe 50.8 32.0 20.6 26.1 53.51 36.81 19.94 23.5 -5.0 -13.0 3.1 10.9

Co-fcc 247.8 181.7 94.7 94.1 225 160 92 92.0 10.1 13.5 3.0 2.2

CoO 257.0 141.1 81.8 157.0 255.6 143.6 80.3 152.3 0.6 -1.7 1.9 3.1

Cr 346.3 66.2 107.7 325.1 350 67.8 100.8 328.0 -1.1 -2.4 6.9 -0.9

Cu 191.1 143.0 76.5 68.7 168.39 121.42 75.39 66.6 13.5 17.8 1.5 3.1

Cu3Au 200.4 151.1 80.3 70.5 190.69 138.3 66.31 74.4 5.1 9.2 21.1 -5.3

CuAl(95.19-4.81) 183.4 135.5 77.2 68.2 165.8 121.6 74.9 62.9 10.6 11.4 3.1 8.5

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 160.9 141.0 96.7 29.1 142.38 124.1 95.24 26.8 13.0 13.6 1.5 8.7

CuGa(95.85-4.15) 179.8 133.2 79.0 66.4 165.2 121 74.1 62.9 8.8 10.1 6.6 5.6

CuGa(98.42-1.58) 169.3 124.0 77.4 64.4 165 119.2 74.3 65.0 2.6 4.1 4.2 -1.0

CuGe(98.97-1.03) 174.8 129.0 77.7 65.3 166.6 121 75 64.8 5.0 6.6 3.6 0.7

CuNi(96.98-3.02) 170.9 121.7 77.6 69.6 169.33 121.89 76.31 67.3 0.9 -0.2 1.7 3.4

CuSi(95.83-4.17) 175.1 128.6 80.2 66.1 167.8 124.2 74.8 62.1 4.3 3.6 7.2 6.4

CuZn(77.3-22.7) 155.8 114.2 70.9 59.3 144.7 107.1 71.3 53.6 7.7 6.6 -0.6 10.6

CuZn(95.41-4.59) 148.6 102.2 81.7 65.2 163.4 119.2 74.2 62.8 -9.1 -14.3 10.1 3.8

F3KMg 134.3 36.5 49.7 118.6 132 39.6 48.5 113.7 1.7 -7.8 2.5 4.3

Fe 232.8 132.5 122.1 136.6 233.1 135.44 117.83 133.6 -0.1 -2.2 3.6 2.3

FeAl(59.89-40.11) 175.8 104.9 132.4 97.4 181.05 113.69 127.09 93.3 -2.9 -7.8 4.2 4.3

FeAl(66-34) 174.4 108.5 125.2 91.2 171.67 113.55 129.54 81.3 1.6 -4.5 -3.4 12.2

FeAl(71.92-28.08) 171.4 124.9 134.7 66.2 166.36 122.58 130.97 62.4 3.1 1.9 2.9 6.1

FeAl(74.95-25.05) 172.6 133.3 136.7 56.4 170.99 130.61 131.7 57.9 1.0 2.1 3.8 -2.5

FeAl(80.17-19.83) 176.3 117.1 123.2 82.9 179.42 124.82 125.54 77.0 -1.7 -6.2 -1.9 7.7

FeAl(85.5-14.5) 202.6 132.3 127.0 98.1 193.71 124.93 124.34 95.7 4.6 5.9 2.1 2.4

FeAl(90.35-9.65) 203.2 120.0 132.0 114.1 204.89 126.97 122.62 107.7 -0.8 -5.5 7.7 5.9

FeAl(96.03-3.97) 223.0 135.7 123.7 120.3 220.83 132.49 120.22 121.5 1.0 2.4 2.9 -0.9

FeCr2O4(Chromite) 328.6 145.8 126.0 239.0 322.5 143.7 116.7 233.9 1.9 1.5 8.0 2.2

GaAs 124.9 51.9 56.0 94.4 119.04 53.84 59.52 85.5 4.9 -3.6 -5.9 10.3

GaP 150.6 60.5 66.7 115.9 141.2 62.53 70.47 102.8 6.7 -3.2 -5.3 12.7

Garnet(21.8% FeO) 198.7 89.7 60.4 142.8 197 90 57 140.6 0.8 -0.3 5.9 1.6

Garnet(22.7% FeO) 197.3 108.2 63.0 120.7 192 99 59 124.6 2.8 9.3 6.7 -3.1

Garnet(23.6% FeO) 198.4 92.7 73.7 139.4 210 103 67 142.2 -5.5 -10.0 9.9 -2.0

Garnet(26.2% FeO) 231.2 129.9 58.1 137.8 226 126 62 135.8 2.3 3.1 -6.2 1.4

Garnet(28.7% FeO) 274.1 153.9 71.9 163.4 273 157 68 158.4 0.4 -2.0 5.7 3.2

Garnet(33.5% FeO) 328.2 124.9 90.1 259.3 327 124 89 258.8 0.4 0.7 1.2 0.2

GaSb 97.1 40.0 39.2 73.8 88.39 40.33 43.16 63.1 9.9 -0.9 -9.2 17.0

HfCo2 252.9 115.6 91.3 180.4 255.54 123.3 90.3 175.3 -1.0 -6.3 1.1 2.9

HgTe 69.8 57.6 37.9 17.8 54.8 38.1 20.4 23.5 27.5 51.1 85.6 -24.4

InAs 83.6 43.5 42.0 53.9 83.29 45.26 39.59 51.4 0.4 -4.0 6.0 4.7

InP 115.0 66.4 47.6 66.4 102.2 57.6 46 60.7 12.6 15.3 3.4 9.5

InSb 76.6 42.8 31.3 45.9 64.72 32.65 30.71 42.8 18.3 31.0 2.0 7.2

KF 75.2 19.6 14.1 67.1 64.85 14.27 12.81 59.7 16.0 37.5 10.1 12.4

LiF 127.6 50.3 56.6 99.2 119 45.8 54.2 93.5 7.3 9.8 4.4 6.1

Magnetite 280.7 106.7 107.1 221.9 275 104 95.5 217.9 2.1 2.6 12.1 1.8

Mg2Sn 83.8 15.6 37.9 79.0 82.4 20.8 36.6 74.0 1.8 -25.2 3.6 6.7

MgAg 74.5 44.5 50.7 41.3 84.6 56.7 48.5 39.1 -11.9 -21.5 4.6 5.5

MgAl2O4(Spinel) 279.4 147.6 171.8 177.4 279 153 153 170.6 0.1 -3.6 12.3 4.0

MgCu2 128.4 78.5 47.5 68.8 122.8 70.6 41.2 71.3 4.6 11.2 15.3 -3.4

MnO 225.9 125.4 86.2 136.4 223 120 79 139.0 1.3 4.5 9.1 -1.9

Mo 446.4 164.2 112.2 358.1 469.6 167.6 106.8 381.4 -4.9 -2.0 5.0 -6.1

MoRe(73.1-26.9) 451.2 177.2 126.1 351.3 460.7 195.9 132.3 343.8 -2.1 -9.6 -4.7 2.2

MoRe(83.4-16.6) 445.9 168.3 133.9 353.6 465 185.8 123.7 358.9 -4.1 -9.4 8.3 -1.5

MoRe(93-7) 453.0 174.8 120.2 355.7 466.5 172.9 114.8 373.0 -2.9 1.1 4.7 -4.6

NaBrO3 79.8 38.3 15.9 55.0 57.32 17.64 15.23 49.0 39.3 117.0 4.1 12.2

NaCl 79.2 41.7 13.8 50.3 49.6 13.1 12.68 44.1 59.6 218.6 8.5 14.1

NaClO3 63.3 18.3 10.6 55.0 49.2 14.2 11.6 42.8 28.6 29.0 -8.2 28.4

NaF 106.5 24.2 27.9 97.5 96.3 24.59 27.94 86.3 10.6 -1.5 -0.3 13.0

Nb 229.7 119.9 32.1 147.5 240.19 125.58 28.22 154.0 -4.4 -4.6 13.8 -4.2

Nb3Sn 265.7 106.4 45.2 204.9 253.8 112.4 39.57 184.8 4.7 -5.4 14.3 10.9

Ni 247.3 157.4 101.4 124.8 244 158 102 119.8 1.3 -0.4 -0.6 4.2

NiAl 205.6 132.3 120.1 102.0 211.55 143.23 112.11 95.9 -2.8 -7.6 7.1 6.3

NiAl(90.4-9.6) 248.1 144.9 148.3 141.2 252 153 132 136.4 -1.5 -5.3 12.3 3.5

NiCu(31.1-68.9) 196.1 132.6 84.2 89.1 189.1 131.9 89.6 80.7 3.7 0.5 -6.0 10.4

NiCu(53.8-46.2) 213.6 140.5 98.7 102.1 208.6 142.8 100.9 92.5 2.4 -1.6 -2.2 10.3

NiCu(77.2-22.8) 225.0 139.3 113.3 118.5 228.1 147.3 111.3 112.5 -1.4 -5.4 1.8 5.3

NiCu(80-20) 225.9 148.6 111.1 107.9 229.8 149.4 113.7 112.1 -1.7 -0.5 -2.3 -3.7

NiCu(92.7-7.3) 245.5 150.1 125.2 131.7 241.3 151.1 120.1 124.9 1.8 -0.7 4.2 5.4

PbF2 90.4 47.4 26.1 57.8 88.8 47.2 24.54 56.0 1.8 0.5 6.5 3.1

PbS 115.6 43.0 25.6 92.2 102 38 25 81.4 13.3 13.2 2.6 13.4

Pd 224.2 173.1 82.1 73.4 227.1 176.04 71.73 73.4 -1.3 -1.7 14.4 0.1

Permalloy(Ni73.8-Fe26.2) 222.5 134.5 127.4 121.2 230.4 144.4 119.2 119.1 -3.4 -6.9 6.8 1.8

Pt 360.5 268.8 93.0 130.9 346.7 250.7 76.5 136.3 4.0 7.2 21.5 -3.9

RbCl 371.6 72.2 54.7 348.1 362.42 61.24 46.78 344.7 2.5 17.9 17.0 1.0

Si 182.7 76.0 80.3 138.1 165.78 63.94 79.62 130.2 10.2 18.8 0.9 6.1

Sr3N2 71.4 46.0 17.6 35.4 47.3 21.8 14.6 33.5 51.0 110.9 20.3 5.6

SrF2 145.0 61.8 31.6 108.1 123.5 43.05 31.28 101.2 17.4 43.5 0.9 6.8

SrO 155.5 36.3 63.0 141.8 160.1 43.5 59 141.5 -2.8 -16.6 6.7 0.2

SrTiO3 326.4 114.9 129.2 266.7 318.7 103.4 123 268.0 2.4 11.1 5.0 -0.5

Ta 256.5 153.7 89.5 141.3 266.7 160.8 82.49 145.7 -3.8 -4.4 8.5 -3.0

Th 74.4 44.5 46.9 41.2 75.3 48.9 47.8 36.8 -1.2 -9.1 -1.9 11.9

ThO2 364.9 73.4 77.7 340.3 367 106 79.7 319.5 -0.6 -30.8 -2.5 6.5

TlCl 49.4 23.4 8.1 34.4 40.1 15.3 7.6 31.6 23.3 53.2 6.8 8.6

UC 325.2 65.7 61.5 303.1 320 85 64.7 284.3 1.6 -22.7 -4.9 6.6

UO2 384.5 99.4 73.4 343.7 396 121 64.1 339.4 -2.9 -17.8 14.5 1.3

V 237.5 127.9 48.2 148.0 227.95 118.7 42.55 146.7 4.2 7.7 13.4 0.9

ZnS 104.0 59.5 45.1 60.7 104.62 65.34 46.13 54.4 -0.6 -9.0 -2.3 11.6

ZnSe 80.3 48.1 49.5 44.3 80.96 48.81 44.05 44.2 -0.8 -1.5 12.3 0.0

ZnTe 72.2 40.0 34.0 43.7 71.34 40.78 31.15 41.7 1.2 -1.9 9.1 4.9

ZrCo2 232.7 104.8 88.6 167.6 233.11 112.71 83.66 159.6 -0.2 -7.0 5.9 5.0
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Table S6: Comparison between reported and predicted elastic constants of cubic materials 

when 9 modes are randomly removed. 

 

Predicted values Reported values Error

C11 C12 C44 E1 C11 C12 C44 E1 C11 C12 C44 E1

Material GPa GPa GPa GPa GPa GPa GPa GPa % % % %

Ag 128.9 98.0 53.2 44.3 123.99 93.67 46.12 43.4 4.0 4.6 15.2 2.2

AgAl(98.4-1.6) 150.3 119.9 51.7 43.9 128.07 98.3 46.43 42.7 17.4 22.0 11.3 2.8

AgAu(96-4) 152.1 120.4 51.0 45.6 124.27 92.66 47.28 45.1 22.4 30.0 7.8 1.1

AgBr 48.9 20.8 7.9 36.5 56.3 32.8 7.2 32.2 -13.1 -36.7 9.1 13.6

AgCd(98.08-1.92) 131.9 101.5 54.5 43.6 121.6 91.3 45.9 43.3 8.4 11.1 18.8 0.7

AgCl 50.3 37.3 18.3 18.5 60.1 36.2 6.25 32.9 -16.3 3.2 192.6 -43.8

AgIn(91.64-8.36) 115.6 86.5 47.0 41.7 116.6 89 45 39.5 -0.8 -2.9 4.4 5.4

AgMg(96.93-3.07) 120.9 91.1 49.9 42.6 119.8 89.8 46 42.9 0.9 1.4 8.5 -0.6

AgSn(96.83-3.17) 122.6 93.4 51.3 41.9 121 92.2 45.8 41.3 1.3 1.3 12.1 1.4

AgZn(97.6-2.4) 154.6 123.6 50.9 44.7 120.9 91.6 45.8 41.9 27.9 35.0 11.1 6.7

Al 119.9 69.7 28.5 68.7 113.04 66.63 27.83 63.6 6.1 4.6 2.4 7.9

AlSb 100.5 52.2 42.6 64.9 89.39 44.27 41.55 60.1 12.5 17.8 2.5 8.1

Au 180.7 143.3 40.0 53.9 192.44 162.98 42 43.0 -6.1 -12.1 -4.9 25.3

Au3Ag 175.2 136.8 48.9 55.3 166.21 132.41 48.54 48.8 5.4 3.3 0.8 13.4

Au3Ni 224.4 180.1 51.0 63.9 195.73 158.19 50.98 54.3 14.6 13.9 0.0 17.7

AuAg 156.3 122.9 54.6 48.0 148.94 113.5 50.76 50.8 4.9 8.3 7.6 -5.4

AuAg3 140.1 106.5 55.3 48.2 138.26 104.48 48.78 48.3 1.3 1.9 13.4 -0.3

AuNi(57.58-42.42) 208.1 158.9 61.4 70.5 199.5 156 61.86 62.6 4.3 1.9 -0.7 12.6

AuNi(90.28-9.72) 207.0 168.1 44.1 56.4 192.31 160.95 44.97 45.6 7.7 4.4 -2.0 23.7

AuNi(97.05-2.95) 216.8 185.9 46.4 45.1 192.59 162.61 43 43.7 12.6 14.3 7.8 3.2

Ba3N2 84.0 45.8 14.1 51.6 60.2 18.6 12.1 51.4 39.5 146.4 16.3 0.4

BaO 130.4 55.7 43.3 97.1 125.7 48.1 35.5 99.1 3.8 15.8 21.9 -2.0

CaF2 173.5 36.6 35.4 160.7 162.8 43.3 33.4 144.6 6.5 -15.4 5.9 11.1

CdTe 48.9 31.3 22.0 24.5 53.51 36.81 19.94 23.5 -8.7 -15.1 10.5 4.2

Co-fcc 229.9 167.1 96.2 89.2 225 160 92 92.0 2.2 4.4 4.5 -3.0

CoO 252.1 139.4 88.8 152.8 255.6 143.6 80.3 152.3 -1.4 -2.9 10.6 0.4

Cr 346.4 65.3 114.2 325.7 350 67.8 100.8 328.0 -1.0 -3.8 13.3 -0.7

Cu 189.7 141.7 79.7 68.5 168.39 121.42 75.39 66.6 12.7 16.7 5.7 2.7

Cu3Au 203.0 153.2 80.3 71.1 190.69 138.3 66.31 74.4 6.4 10.8 21.1 -4.4

CuAl(95.19-4.81) 212.5 165.6 77.4 67.5 165.8 121.6 74.9 62.9 28.2 36.2 3.3 7.3

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 154.9 134.6 92.7 29.8 142.38 124.1 95.24 26.8 8.8 8.4 -2.7 11.1

CuGa(95.85-4.15) 156.4 110.2 83.0 65.2 165.2 121 74.1 62.9 -5.4 -8.9 11.9 3.7

CuGa(98.42-1.58) 159.6 108.1 79.6 72.3 165 119.2 74.3 65.0 -3.3 -9.3 7.2 11.3

CuGe(98.97-1.03) 170.9 124.9 80.3 65.3 166.6 121 75 64.8 2.6 3.3 7.1 0.9

CuNi(96.98-3.02) 173.6 122.1 76.5 72.7 169.33 121.89 76.31 67.3 2.5 0.2 0.3 8.1

CuSi(95.83-4.17) 170.7 124.6 81.5 65.6 167.8 124.2 74.8 62.1 1.7 0.3 9.0 5.5

CuZn(77.3-22.7) 149.9 108.7 72.5 58.4 144.7 107.1 71.3 53.6 3.6 1.5 1.7 9.0

CuZn(95.41-4.59) 154.5 107.5 81.9 66.3 163.4 119.2 74.2 62.8 -5.4 -9.8 10.3 5.5

F3KMg 152.1 53.0 52.1 124.7 132 39.6 48.5 113.7 15.2 33.9 7.3 9.6

Fe 231.7 125.9 130.2 143.0 233.1 135.44 117.83 133.6 -0.6 -7.0 10.5 7.1

FeAl(59.89-40.11) 209.0 138.5 134.5 98.6 181.05 113.69 127.09 93.3 15.4 21.9 5.8 5.6

FeAl(66-34) 191.6 131.1 143.4 85.0 171.67 113.55 129.54 81.3 11.6 15.5 10.7 4.6

FeAl(71.92-28.08) 169.8 123.1 137.7 66.2 166.36 122.58 130.97 62.4 2.1 0.5 5.1 6.2

FeAl(74.95-25.05) 180.6 139.2 141.9 59.3 170.99 130.61 131.7 57.9 5.6 6.6 7.7 2.5

FeAl(80.17-19.83) 169.9 107.6 125.5 86.4 179.42 124.82 125.54 77.0 -5.3 -13.8 0.0 12.2

FeAl(85.5-14.5) 201.5 131.9 126.3 97.1 193.71 124.93 124.34 95.7 4.0 5.6 1.6 1.4

FeAl(90.35-9.65) 203.3 120.0 132.8 114.2 204.89 126.97 122.62 107.7 -0.8 -5.5 8.3 6.0

FeAl(96.03-3.97) 222.6 135.5 127.0 120.1 220.83 132.49 120.22 121.5 0.8 2.3 5.6 -1.2

FeCr2O4(Chromite) 324.4 142.8 130.1 237.1 322.5 143.7 116.7 233.9 0.6 -0.6 11.5 1.4

GaAs 221.0 145.1 57.3 106.0 119.04 53.84 59.52 85.5 85.7 169.5 -3.8 24.0

GaP 151.3 60.4 69.6 116.9 141.2 62.53 70.47 102.8 7.2 -3.4 -1.3 13.7

Garnet(21.8% FeO) 200.9 85.0 56.9 150.3 197 90 57 140.6 2.0 -5.5 -0.1 6.9

Garnet(22.7% FeO) 202.5 107.0 62.9 128.6 192 99 59 124.6 5.5 8.1 6.6 3.2

Garnet(23.6% FeO) 201.4 94.7 73.8 140.8 210 103 67 142.2 -4.1 -8.1 10.1 -1.0

Garnet(26.2% FeO) 239.8 138.5 60.6 138.4 226 126 62 135.8 6.1 9.9 -2.2 1.9

Garnet(28.7% FeO) 276.5 157.5 74.1 162.2 273 157 68 158.4 1.3 0.3 9.0 2.5

Garnet(33.5% FeO) 322.7 125.8 91.3 252.1 327 124 89 258.8 -1.3 1.4 2.6 -2.6

GaSb 98.4 39.8 40.8 75.5 88.39 40.33 43.16 63.1 11.4 -1.3 -5.5 19.7

HfCo2 250.6 110.9 97.1 182.5 255.54 123.3 90.3 175.3 -1.9 -10.0 7.6 4.1

HgTe 69.8 58.7 46.4 16.1 54.8 38.1 20.4 23.5 27.3 54.1 127.4 -31.5

InAs 82.7 39.5 39.8 57.2 83.29 45.26 39.59 51.4 -0.7 -12.7 0.6 11.2

InP 113.2 65.9 46.8 64.8 102.2 57.6 46 60.7 10.8 14.4 1.7 6.7

InSb 76.4 45.7 34.9 42.1 64.72 32.65 30.71 42.8 18.0 40.1 13.6 -1.6

KF 78.5 24.4 14.4 67.0 64.85 14.27 12.81 59.7 21.1 71.1 12.7 12.2

LiF 135.6 60.5 58.3 98.3 119 45.8 54.2 93.5 14.0 32.0 7.5 5.1

Magnetite 282.6 117.2 110.1 214.0 275 104 95.5 217.9 2.8 12.7 15.3 -1.8

Mg2Sn 83.7 14.8 37.8 79.3 82.4 20.8 36.6 74.0 1.6 -28.6 3.3 7.1

MgAg 92.8 62.6 51.5 42.4 84.6 56.7 48.5 39.1 9.6 10.3 6.2 8.4

MgAl2O4(Spinel) 279.6 144.3 164.3 181.4 279 153 153 170.6 0.2 -5.7 7.4 6.3

MgCu2 133.5 82.8 49.0 70.1 122.8 70.6 41.2 71.3 8.7 17.3 19.0 -1.7

MnO 229.4 131.0 86.1 134.1 223 120 79 139.0 2.9 9.2 9.0 -3.6

Mo 448.3 177.2 114.4 347.9 469.6 167.6 106.8 381.4 -4.5 5.7 7.1 -8.8

MoRe(73.1-26.9) 454.3 162.1 130.5 369.0 460.7 195.9 132.3 343.8 -1.4 -17.2 -1.4 7.3

MoRe(83.4-16.6) 449.7 167.5 127.2 358.7 465 185.8 123.7 358.9 -3.3 -9.8 2.8 0.0

MoRe(93-7) 446.1 163.2 119.0 358.7 466.5 172.9 114.8 373.0 -4.4 -5.6 3.7 -3.8

NaBrO3 64.7 21.1 16.9 54.3 57.32 17.64 15.23 49.0 12.9 19.8 11.1 10.8

NaCl 73.1 34.9 13.3 50.6 49.6 13.1 12.68 44.1 47.4 166.5 5.0 14.6

NaClO3 70.9 22.2 10.4 60.3 49.2 14.2 11.6 42.8 44.1 56.3 -10.4 40.8

NaF 106.7 22.9 28.0 98.5 96.3 24.59 27.94 86.3 10.7 -6.7 0.2 14.2

Nb 234.0 119.0 31.4 153.8 240.19 125.58 28.22 154.0 -2.6 -5.2 11.2 -0.1

Nb3Sn 266.9 111.8 44.8 200.9 253.8 112.4 39.57 184.8 5.2 -0.5 13.3 8.7

Ni 256.2 167.5 100.7 123.8 244 158 102 119.8 5.0 6.0 -1.3 3.3

NiAl 210.4 137.4 121.7 101.8 211.55 143.23 112.11 95.9 -0.5 -4.1 8.6 6.2

NiAl(90.4-9.6) 253.0 129.4 132.8 165.5 252 153 132 136.4 0.4 -15.4 0.6 21.3

NiCu(31.1-68.9) 199.0 134.5 86.2 90.4 189.1 131.9 89.6 80.7 5.2 2.0 -3.8 12.1

NiCu(53.8-46.2) 210.6 141.7 109.2 96.5 208.6 142.8 100.9 92.5 0.9 -0.7 8.2 4.3

NiCu(77.2-22.8) 221.9 135.8 108.1 118.7 228.1 147.3 111.3 112.5 -2.7 -7.8 -2.9 5.5

NiCu(80-20) 230.6 144.6 105.8 119.2 229.8 149.4 113.7 112.1 0.4 -3.2 -7.0 6.4

NiCu(92.7-7.3) 246.1 144.6 122.3 139.1 241.3 151.1 120.1 124.9 2.0 -4.3 1.8 11.3

PbF2 103.3 61.0 27.3 58.0 88.8 47.2 24.54 56.0 16.3 29.2 11.1 3.6

PbS 132.2 61.6 26.4 93.1 102 38 25 81.4 29.6 62.1 5.7 14.4

Pd 224.7 172.2 81.1 75.3 227.1 176.04 71.73 73.4 -1.0 -2.2 13.0 2.7

Permalloy(Ni73.8-Fe26.2) 223.9 132.2 126.5 125.7 230.4 144.4 119.2 119.1 -2.8 -8.4 6.1 5.5

Pt 357.4 265.8 86.7 130.8 346.7 250.7 76.5 136.3 3.1 6.0 13.3 -4.0

RbCl 362.6 67.7 57.5 341.3 362.42 61.24 46.78 344.7 0.0 10.6 23.0 -1.0

Si 177.7 71.7 87.0 136.4 165.78 63.94 79.62 130.2 7.2 12.1 9.3 4.8

Sr3N2 60.0 29.7 14.8 40.4 47.3 21.8 14.6 33.5 26.9 36.1 1.4 20.5

SrF2 121.0 32.6 32.5 107.2 123.5 43.05 31.28 101.2 -2.0 -24.3 3.9 5.9

SrO 154.2 33.2 64.2 142.4 160.1 43.5 59 141.5 -3.7 -23.6 8.7 0.7

SrTiO3 326.9 118.1 132.0 264.2 318.7 103.4 123 268.0 2.6 14.2 7.3 -1.4

Ta 254.2 150.0 90.3 142.9 266.7 160.8 82.49 145.7 -4.7 -6.7 9.4 -1.9

Th 85.2 55.8 49.6 41.0 75.3 48.9 47.8 36.8 13.1 14.1 3.8 11.5

ThO2 354.6 72.1 77.4 330.2 367 106 79.7 319.5 -3.4 -32.0 -2.9 3.4

TlCl 49.6 23.1 8.2 34.9 40.1 15.3 7.6 31.6 23.6 50.7 7.4 10.3

UC 332.7 95.4 66.6 290.2 320 85 64.7 284.3 4.0 12.3 2.9 2.1

UO2 379.4 85.4 75.3 348.0 396 121 64.1 339.4 -4.2 -29.5 17.5 2.6

V 229.2 121.3 50.9 145.2 227.95 118.7 42.55 146.7 0.6 2.2 19.5 -1.0

ZnS 115.4 71.1 47.9 61.1 104.62 65.34 46.13 54.4 10.3 8.8 3.8 12.4

ZnSe 83.0 49.9 51.2 45.5 80.96 48.81 44.05 44.2 2.5 2.2 16.3 2.9

ZnTe 91.7 57.0 33.2 48.0 71.34 40.78 31.15 41.7 28.5 39.8 6.5 15.1

ZrCo2 237.2 113.6 91.7 163.6 233.11 112.71 83.66 159.6 1.7 0.8 9.6 2.5
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Table S7: References for reported values of the elastic constants of cubic materials. 

  

C11 C12 C44

Material GPa GPa GPa Author Title Journal vol page year

Ag 123.99 93.67 46.12 J. R. Neighbours and G. A. Alers Elastic constants of silver and gold Phys. Rev. 111 707 1958

AgAl(98.4-1.6) 128.07 98.3 46.43 H.-G. von Purwins, R. Labusch, and P. Haasen Elastische einkristallkonstanten von silberlegierungen Zeitschrift für Metallkunde 57 867 1966

AgAu(96-4) 124.27 92.66 47.28 H.-G. von Purwins, R. Labusch, and P. Haasen Elastische einkristallkonstanten von silberlegierungen Zeitschrift für Metallkunde 57 867 1966

AgBr 56.3 32.8 7.2 D. S. Tannhauser, L. J. Bruner, and A. W. Lawson Temperature variation of the elastic constants of AgBr Phys. Rev. 102 1276 1956

AgCd(98.08-1.92) 121.6 91.3 45.9 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

AgCl 60.1 36.2 6.25 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

AgIn(91.64-8.36) 116.6 89 45 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

AgMg(96.93-3.07) 119.8 89.8 46 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

AgSn(96.83-3.17) 121 92.2 45.8 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

AgZn(97.6-2.4) 120.9 91.6 45.8 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

Al 113.04 66.63 27.83 P. M. Sutton The variation of the elastic constants of crystalline aluminum with temperature between 63 °K and 773 °K Phys. Rev. 91 816 1953

AlSb 89.39 44.27 41.55 D. I. Bolef and M. Menes Elastic constants of single-crystal aluminum antimonide J. Appl. Phys. 31 1426 1960

Au 192.44 162.98 42 B. Golding, S. C. Moss, and B. L. Averbach Composition and pressure dependence of the elastic constants of gold-nichel alloys Phys. Rev. 158 637 1967

Au3Ag 166.21 132.41 48.54 R. F. S. Hearmon The elastic constants of anisotropic materials Rev. Mod. Phys. 18 409 1946

Au3Ni 195.73 158.19 50.98 B. Golding, S. C. Moss, and B. L. Averbach Composition and pressure dependence of the elastic constants of gold-nichel alloys Phys. Rev. 158 637 1967

AuAg 148.94 113.5 50.76 R. F. S. Hearmon The elastic constants of anisotropic materials Rev. Mod. Phys. 18 409 1946

AuAg3 138.26 104.48 48.78 R. F. S. Hearmon The elastic constants of anisotropic materials Rev. Mod. Phys. 18 409 1946

AuNi(57.58-42.42) 199.5 156 61.86 B. Golding, S. C. Moss, and B. L. Averbach Composition and pressure dependence of the elastic constants of gold-nichel alloys Phys. Rev. 158 637 1967

AuNi(90.28-9.72) 192.31 160.95 44.97 B. Golding, S. C. Moss, and B. L. Averbach Composition and pressure dependence of the elastic constants of gold-nichel alloys Phys. Rev. 158 637 1967

AuNi(97.05-2.95) 192.59 162.61 43 B. Golding, S. C. Moss, and B. L. Averbach Composition and pressure dependence of the elastic constants of gold-nichel alloys Phys. Rev. 158 637 1967

Ba3N2 60.2 18.6 12.1 R. F. S. Hearmon The elastic constants of anisotropic materials II Advan. Phys. 5 323 1956

BaO 125.7 48.1 35.5 K.-O. Park and J. M. Sivertsen Elastic constants and attenuation changes in annealed BaO crystals Phys. Lett. 55A 62 1975

CaF2 162.8 43.3 33.4 K. S. Aleksandrov and T. V. Ryzhova The elastic properties of crystals Soviet physics, crystallography 6 228 1961

CdTe 53.51 36.81 19.94 H. J. McSkimin and D. G. Thomas Elastic moduli of cadmium telluride J. Appl. Phys. 33 56 1962

Co-fcc 225 160 92 J. Gump, H. Xia, M. Chirita, R. Sooryakumar, M. A. Tomaz, and G. R. Harp Elastic constants of face-centered-cubic cobalt J. Appl. Phys. 86 6005 1999

CoO 255.6 143.6 80.3 N. Uchida and S. Saito Elastic constants and acoustic absorption coefficients in MnO, CoO, and NiO single crystals at room temperature J. Acoust. Soc. Am. 51 1602 1972

Cr 350 67.8 100.8 D. I. Bolef and J. de Klerk Anomalies in the elastic constants and thermal expansion of chromium single crystals Phys. Rev. 129 1063 1963

Cu 168.39 121.42 75.39 W. C. Overton, Jr., and J. Gaffney Temperature variation of the elastic constants of cubic elements. I. copper Phys. Rev. 98 969 1955

Cu3Au 190.69 138.3 66.31 S. Siegel The variation of the principal elastic moduli of Cu 3Au with temperature Phys. Rev. 57 537 1940

CuAl(95.19-4.81) 165.8 121.6 74.9 J. R. Neighbours and C. S. Smith The elastic constants of copper alloys Acta Metal. 2 591 1954

CuAlNi(Cu–14.3Al–4.2%Ni (wt.%)) 142.38 124.1 95.24 P. Sedlák, H. Seiner, M. Landa, V. Novák, P. Šittner, and Ll. Mañosa Elastic constants of bcc austenite and 2H orthorhombic martensite in CuAlNi shape memory alloy Acta Mater. 53 3643 2005
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Table S8: References for reported values of the elastic constants of hexagonal materials. 
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J. F. Smith and C. L. Arbogast

Elastic constants of single crystal beryllium

Y. A. Change and L. Himmel

Elastic constants of cadmium from 300° to 575°K

E. S. Fisher and D. Dever

Temperature dependence of elastic moduli of ruthenium, rhenium, cobalt, dysprosium, and erbium; a study of the elastic anisotropy - phase transformation relationship

E. S. Fisher and D. Dever

Temperature dependence of elastic moduli of ruthenium, rhenium, cobalt, dysprosium, and erbium; a study of the elastic anisotropy - phase transformation relationship

H. Fukuda, A. Nagakubo, S. Usami, M. Ikeda, M. Imanishi, M. Yoshimura, Y. Mori, K. Adachi, and H. Ogi

Determination of the electron trap level in Fe-doped GaN by phonon-assisted conduction phenomenon

E. S. Fisher and C. J. Renken

Single-crystal elastic moduli and the hcp → bcc transformation in Ti, Zr, and Hf

L. J. Slutsky and C. W. Garland

Elastic constants of magnesium from 4.2°K to 300°K

M. L. Shepard and J. F. Smith
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Single-crystal elastic moduli and the hcp → bcc transformation in Ti, Zr, and Hf
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Elastic constants of yttrium single crystals in the temperature range 4.2 – 400°K

E. S. Fisher and C. J. Renken

Single-crystal elastic moduli and the hcp → bcc transformation in Ti, Zr, and Hf
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Y 77.9 24.3 28.5 76.9 21

69.018192.046.7162Ti

Re 613 163 270 683 206

21.4461.6025.6116.4059.40Mg

Hf 181 55.7 77.2 197 66.1

93.4391.013299.3360GaN

Er 86.3 28.1 30.5 85.5 22.7

306 75.3 165 357 102Co

J. Appl. Phys. 31 645 1960

Phys. Rev. 135 A482 1964

J. Appl. Phys. 36 1447 1965

Phys. Rev. 135 A482 1964

Phys. Rev. 135 A482 1964

Phys. Rev. 107 972 1957

Trans. Metal. Soc. AIME 239 48 1967

Appl. Phys. Express 15 0710032022

1960

J. Appl. Phys. 37 3787 1966

Trans. Metal. Soc. AIME 239 48 1967

Cd 115 19.9 39.5 50.9 39.9

Reference

Be 292 163 26.7 336 14 J. Appl. Phys. 31 99
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