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Objetivos

O objetivo deste trabalho foi investigar a
validade da equacéo de Gladstone-Dale para o
calculo do indice de refracdo de materiais para
lasers a partir de sua composi¢cdo, bem como
estimar a variacdo do indice de refragdo com a
dopagem

Métodos e Procedimentos

A metodologia do trabalho utilizou uma

abordagem comparativa. Primeiramente o
indice de refracdo (n), foi calculado
teoricamente  utilizando a equagdo de

Gladstone-Dale, que relaciona o indice de
refracdo com a densidade do material (p) e a
constante de Gladstone-Dale (Keb)
caracteristica do material, por meio da seguinte
expressao
n—1

5 =KGD=Zmiki 1)

Na qual, kie mi correspondem a constante de

Gladstone-Dale e fragcdo massica do i-ésimo
constituinte.

Quanto ao calculo da variacdo do indice de
refracdo com a dopagem, utilizou a forma
diferencial da equacédo de Gladstone-Dale Eq.

).

dn = pdk + kdp (2)
Os valores de densidade, constantes Kep €
massas molares foram obtidos de tabelas
disponiveis na literatura [1, 2], enquanto que 0s
valores experimentais foram extraidos de [4].

Resultados

Os valores de indice de refragdo calculados
(ncac) e experimentais (nexp), encontram-se
registrados na Tabela 1. Enquanto que os
valores da variacdo do indice de refragdo com
dopagem calculado (dncac) e experimental
(dnexp), estao presentes na Tabela 2.

Tabela 1: indice de refracio de materiais para
lasers: Comparacao entre os valores calculados
(ncaic) pela Eq.1 e os valores experimentais (Nexp).

Composto Ncalc Nexp Erro (%)
Y3Als012 (YAG) 1,845 |1,865 | 1,07
Y3Gas012 1,984 11948 | 1,84
LiSrAlFs 1,411 11,401 |0,71
LiCaAlFs 1,403 | 1,390 | 0,94
La:Be20s 1,971 | 1,987 0,81
YLiF4 1518 | 1,462 | 3,83
YVOa4 2,042 |1 2,020 | 1,09

Tabela 2: Comparacéo entre os valores calculados
(dncarc) pela Eqg.2 e experimentais (dnexp) para
variacdo do indice de refracdo com a dopagem.
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Composto | 4Ncaic(q -3 ANexp g ~-3
e (107 »” (10°)

YAIOsNd | 1,25 (at%) L | 1,2 (at%)
Y3AlsO12:Nd | 0,88 (at%) 1 | 0,44 (at%)
Al,03:Cr 6 (Wi%) 1 5 (Wi%) 1
CaF2:Nd 3,24 (Wt%) T | 2,34 (Wit%) !

Conclusoes

Os resultados obtidos indicam que a equacao de
Gladstone-Dale demonstrou uma validade
consideravel na previséo do indice de refracédo
a partir da composi¢do dos materiais, com um
erro médio inferior a 4% em relagédo aos dados
experimentais. Por outro lado, para a estimativa
da variagdo do indice de refragcdo em funcédo de
pequenas dopagens, a equagdo apresentou
limitacBes significativas, resultando em desvios
de até 50%. Tais desvios sugerem que a
equacdo, embora robusta para a previsdo
baseada na composicdo elementar, ndo se
aplica de forma direta para modelar os efeitos
complexos da dopagem na estrutura dos
materiais.

Os autores declaram ndo haver conflito de
interesses.
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Objectives

The objective of this work was to investigate the
validity of the Gladstone-Dale equation for
calculating the refractive index of laser
materials from their composition, as well as to
estimate the variation of the refractive index
with doping.

Materials and Methods

The methodology of the work used comparative
approach. First, the refractive index (n) was
theoretically calculated using the Gladstone-
Dale equation, which relates the refractive index
to the material's density (p) and the
characteristic Gladstone-Dale constant (KGD) of
the material, through the following expression

n—1
= Kep = ) miki &

Where ki and mi correspond to the Gladstone-
Dale constant and the mass fraction of the i-th
constituent. Regarding the calculation of the
refractive index variation with doping, the
differential form of the Gladstone-Dale equation
was used, Eq. (2) :

dn = pdk + kdp (2)
The values for density, KGD constants, and
molar masses were obtained from tables
available in the literature [1, 2], while the
experimental values were extracted from [4].

Results

The calculated refractive index values (ncac) and
experimental values (nexp) are recorded in Table
1. Whereas the calculated (dncac) and
experimental (dnexp) refractive index variation
values with doping are present in Table 2.

Table 1: Refractive index of laser materials:
Comparison between calculated values (ncaic) by Eq.
1 and experimental values (nex

N—

Compound Ncalc Nexp Error(%)
Y3Als012 (YAG) 1,845 | 1,865 | 1,07
Y3Gas012 1,984 1948 | 1,84
LiSrAlFs 1,411 | 1,401 0,71
LiCaAlFs 1,403 | 1,390 | 0,94
La:Be20s 1,971 | 1,987 0,81
YLiFa 1,518 | 1,462 | 3,83
YVO4 2,042 | 2,020 | 1,09

Table 2: Comparison between calculated values
(dncarc) by Eq. 2 and experimental values (dnexp) for
refractive index variation with doping.

Compound | 8ncalci10-3 ANexp A3
2 (107) | —=5(107)

1,25 (at%)t | 1,2 (at%) !

YAIO3:Nd
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Y3AIsO12:Nd | 0,88 (at%) 1 | 0,44 (at%) !
Al203:Cr 6 (wit%o) ! 5 (wt%) 1
CaFzNd | 3,24 (W%)© | 2,34 (Wt%)

Conclusions

The obtained results indicate that the Gladstone-
Dale equation demonstrated considerable
validity in predicting the refractive index from the
composition of materials, with a mean error of
less than 4% compared to experimental data.
On the other hand, for estimating the refractive
index variation as a function of low doping levels,
the equation showed significant limitations,
resulting in deviations of up to 50%.

These deviations suggest that the equation,
although robust for prediction based on
elemental composition, does not directly apply to
modeling the complex effects of doping on the
materials' structure.

The authors declare no conflict of interest.
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