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S1. DENSITY DETERMINATION FROM EELS

Determination of the diamond density is based upon measurement of the plasmon peak from

electron energy loss spectroscopy (EELS) analysis. For the measurements in this study, a Gaussian

fit was applied to the plasmon spectrum and the center of the Gaussian fit was taken as the location

of the peak position. Calculation of the density is based upon Refs. 1–6 and starts from the free-

electron model, which makes assumptions about the number of free carriers per atom in order

to eventually end up with a value for density that is proportional to the plasmon energy squared.

Starting with equation 4 in Ref. 4 or equation 26 in Ref. 2, the relationship between free carrier

density, n, and plasmon energy, Ep, is:

Ep = h̄

(
ne2

ε0m

) 1
2

, (S1)

where h̄ is the reduced Planck’s constant, e is the charge of an electron, ε0 is the vacuum

dielectric function, and m is the mass of an electron. After rearrangement, Equation S1 can be

written as:

n = E2
p

ε0m

h̄2e2
. (S2)

The following substitutions can then be applied:

h̄ =
h

2π
, (S3)

and,

ε0 =
1

µ0c2
=

e2

2αhc
, (S4)

where c is the speed of light in vacuum and α is the dimensionless fine-structure constant,

1/137. After rearrangement and substitution, the following can then be obtained:

n = E2
p

2π2

α

m

h3c
. (S5)

For the sake of units, it is convenient to multiply by c2/c2:

n = E2
p

2π2

α

m

h3c

c2

c2
= E2

p

2π2

α

mc2

(hc)3
. (S6)
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Then, we multiply to get the constants and units:

2π2

a
= 2704 (S7)

mc2 =
(
9.1 × 10−31kg

) (
3 × 108m

s

)2
(

6.242 × 1018 eV

J

)
= 5.11 × 105 eV (S8)

(hc)3 =
((

4.135 × 1015 eV s
) (

3 × 108m

s

)(
1 × 109nm

m

))3

= (1240.4eV nm)3 = 1.91×109 eV3nm3

(S9)

which then simplifies to:

n = 0.725E2
p nm−3, (S10)

where Ep is in units of eV. This provides the number of free carriers per unit volume. An assump-

tion must then be made regarding the number of charger carriers there are per atom in order to

convert to density. In this case, we refer to the number of charge carriers as Cc. For a molar mass,

M , the density will be given by

ρ (g cm−3) =
n

Cc

M

NA

× 1021 (S11)

As a check, we consider the transducer material, Al, which has a molar mass of 26.98 g mol−1

and a plasmon energy of 15.7 eV, and an assumed charge of 3 charge carriers per atom. This

provides a density value of 2.67 g cm−3, which is close to the expected value of 2.7 g cm−3. For

C, the assumption is that there are 4 charge carriers per atom, and C has a molar mass of 12.01 g

mol−1. Then, substitution of Equation S10 and S11 results in:

ρ = 0.0036E2
p (g cm−3) (S12)

For diamond, which has a density of 3.51 g cm−3, the expected Ep is therefore 31.2 eV. From

measurement, however, Ep is found to be closer to 33.7 eV for the sample used in this study.

Therefore, we adjust the prefactor of 0.0036 to the empirically determined value of 0.0031 such

that we recover the value of 3.51 g cm−3 when measuring the density of pristine, non-irradiated

diamond.
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