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The results of the development of a method for the sonoluminescence spectroscopic

determination of K and Li in highly concentrated synthetic and natural brines with the

simultaneous use of ultra-high (10–25 MHz) and low (18–23 kHz) frequency ultrasound

of different intensities for sonoluminescence initiation are presented. The newly developed

method also possesses considerably better metrological characteristics. A comparison of

the proposed method with the flame atomic-absorption spectrometry method shows that

the latter possesses better metrological characteristics than the proposed one; however,

it cannot be used for the quantitative determination of the main substance in brines. The

developed method makes it possible to decrease the lower detection limits of potassium

and lithium chlorides in brines by 12 times (down to 0.1 g⋅dm–3) as compared with the

simultaneous use of ultrasound of high and low frequencies. The optimal conditions are

found to be high-frequency ultrasound with a frequency within 20–22 MHz and an

intensity within 20 W⋅cm–2 plus low-frequency ultrasound with a frequency within

19–22 kHz and an intensity within 1.3–1.5 W⋅cm–2.
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Introduction
Natural brines serve as raw material for the

production of both dietary salt and sodium chloride
of chemical quality for various purposes [1,2]. In the
latter case, the information about both the main saline
component – sodium chloride and admixtures of
potassium and lithium chloride – is urgent since K+

and Li+ ions are isomorphic to Na+ and the
corresponding admixtures are hardly removable. The
knowing these data gives possibility to determine not
only the direction of the following use of the particular
brine but also to provide the most effective work of
vacuum pans (thermophysical characteristics) at the

brine evaporation [3].
As to analysis of the brines, the used method

should provide the express determination of the main
substance (NaCl) and macroimpurities (Ca, K, Li,
and Mg) immediately at the borehole before the supply
of the brine in the vacuum pan [3,4]. In addition, the
relative standard deviation (Sr) of the analysis results
should not exceed 0.03 for the main component and
0.0 for the impurities [3].

Commonly, the content of NaCl in natural
brines lies within 250–400 g⋅dm–3 and those for KCl
and LiCl lie within 0.1–2 g⋅dm–3 and 0.1–3 g⋅dm–3,
respectively [3].
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Sonoluminescence spectroscopy is considered as
one of the most available methods for the
determination of the main substance NaCl in highly
concentrated solutions [5–8].

Earlier, we proposed the routine for the
determination of NaCl in brines by sonoluminescent
method with the use of ultra-high frequency (UHF)
ultrasound (us) of 20–22 MHz and intensity of
20 W⋅cm–2 and Sr≤0.020 [9].

The flame photometry method is considered as
the best for K and Li determination in brines. However,
the use of two analytical methods considerably
complicates the brine analysis and make practically
impossible the analysis immediately at borehole [3].
The sonoluminescence spectroscopy method with the
use of us for the sonoluminescence initiation permits
to determine ≥5 g⋅dm–3 of K and ≥10 g⋅dm–3 of Li
that is not available for the analysis of real brines.

The simultaneous use of us of high (2–5 MHz)
and low frequencies (LF, 20–100 kHz) leads to the
increase of sonoluminescence flashes and changes the
nature of the formation and collapse of cavitation
bubbles and increase of amount of the latter in the
solution [8]. Recently, we made an assumption that
the use of simultaneous action of us of high and low
frequencies for sonoluminescence initiation resulted
in the increase of sensitivity of impurity determination
[3].

The simultaneous use of us of high and low
frequencies described in refs. [7,9] gives possibility to
decrease the lower detection limit of Ca and Mg
determination in natural brines to 1–3 g⋅dm–3 whereas
this limit lies within 5–6 g⋅dm–3 when using the us
of only low frequency.

It should be noted that the possibility of the
simultaneous use of us of ultrahigh and low frequencies
for the sonoluminescence initiation at the brine analysis
for K and Li determination was not described before.

The present work is devoted to the investigation
of possibility of the sonoluminescence spectroscopy
use with simultaneous action of ultrahigh and low
frequencies for sonoluminescence initiation to
determine of K and Li content in brines.

Experimental
The sonoluminescence spectrometer based on

the atomic–absorption spectrometer ÀÀS-3 was used
for the measurements [8]. Us oscillations were initiated
by standard magnetostriction emitters with working
us frequencies of 18, 20, 22 and 24 KHz and
piezoelectric emitters with working us frequencies of
10, 15, 18, 22 and 25 MHz attached to lamp generators
for changing us frequencies. Such a setup gives
possibility to change us frequency from 18 kHz to
25 MHz.

Sodium chloride of chemical grade, potassium

chloride and lithium chloride of analytical grade and
distilled water were used for the preparation of artificial
brines. Before the analysis, the solutions were saturated
with argon of high purity.

In the work, the following underground natural
NaCl-based brines obtained from the depth of
350–400 m were analyzed: Slavyansk deposit,
Drohobych deposit and Khodzhaikan deposit
(Uzbekistan).

Sodium chloride of chemical quality and
potassium and lithium chlorides of reagent quality
were used for the preparation of artificial brine. The
solutions were prepared with the use of distilled water.
The solutions were saturated with argon of extra high
purity. The content of NaCl in the artificial brine
was constant 400 g⋅dm–3 whereas KCl and LiCl
concentrations were 0.1 or 0.2 g⋅dm–3. These solutions
were prepared under the pressure of 2 atm.

All the brines were kept under the pressure to
avoid the salt precipitation due to the salt solubility
decrease when the brines are raised to the surface [3].

The solution for analysis (1000 ml) was placed
in the chamber of 1200 ml volume using the pressure
of 2 atm and cooled to temperature of 20±0.50C.
Then cesium chloride was added to the solution up to
the concentration of about 30 g⋅dm–3. Then the
solutions were saturated with argon bubbled with the
rate of 20 ml⋅min–1 for 0.5 h. Then the us action was
applied. The sonoluminescence spectrometer was
adjusted to the corresponding analytical lines of Na,
K, and Li according to ref. [3]. After adjusting, the
contents of the main component and admixtures were
determined.

The determination was performed with an argon
flow through the chamber to avoid the solution
degassing. The maximal us intensity did not exceed
20 W⋅cm–2 due to the equipment possibilities [3].

The results below are averaged values of 6
experiments. The sonoluminescence intensity was
expressed in arbitrary units.

Results and discussions
We studied the sonoluminescence intensity of

the sonoluminescence of NaCl solutions with KCl
and LiCl admixtures at the varying different parameters
(admixture concentrations, UHF and LF frequency,
and intensity).

It can be seen that the simultaneous use of UHF
and LF us gave possibility to decrease the lower
detection limits the lower detections limit of KCl and
LiCl in brines by 12 times (0.1 g⋅dm–3) comparing
with the use of us of high and LF [3] (Table 1). The
best results were obtained at UHF us frequencies within
20–22 MHz at intensity of 20 W⋅cm–2 and LF us
frequencies within 19–22 kHz at intensities within
1.3–1.5 W⋅cm–2 (Tables 1–4).
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As a result, on the basis of the performed
investigations, a routine for the determination of
admixtures of K and Li in brines was developed. Its
correctness was confirmed by the «added-found»
method and by the analysis of the same samples by
alternative methods: sonoluminescence spectroscopy
with the use of LF us for the sonoluminescence
initiation, the same with the use of HF us and
the flame atomic-absorption spectrometry (AAS)
(Table 5).

In follows from Table 5 that the sonoluminescence
spectroscopy method with the use of simultaneous action
of UHF and LF us provides the better results of K and
Li determination in natural brines due to better
metrological characteristics than that of the
sonoluminescent methods with the use of only LF us
or with the use of high-frequency and LF us.

The AAS methods possesses better metrological
characteristics than the proposed one, however, it
cannot be used for the determination of the main
substance content in brines.

Conclusions

Thus, the use of simultaneous action of UHF
(10–25 MHz) and LF (18–23 kHz) us for
determination of K and Li in brines was investigated.

The results show that the simultaneous use of
UHF and LF us gave possibility to decrease the lower
detection limits the lower detections limit of KCl and
LiCl in brines by 12 times (0.1 g⋅dm–3) comparing
with the use of us of high and LF [3] (Table 1). The
best results were obtained at UHF us frequencies within
20–22 MHz at intensity of 20 W⋅cm–2 and LF us
frequencies within 19–22 kHz at intensities within
1.3–1.5 W⋅cm–2.

Table 1

Sonoluminescence intensity of KCl and LiCl admixtures in NaCl solutions with the concentration of

400 g⋅⋅⋅⋅⋅dm–3 at different UHF us frequencies (intensity 20 W⋅⋅⋅⋅⋅cm–2) and admixture concentrations

(LF frequency and intensity in all the experiments were 22 kHz and 1.5 W⋅⋅⋅⋅⋅cm–2, respectively)

Sonoluminescence intensity at different us frequency 
Component 

Concentration, 

g⋅dm
–3

 18 MHz 19 MHz 20 MHz 22 MHz 23 MHz 

0.10 – 0.03 0.17 0.20 0.07 

0.20 – 0.06 0.32 0.39 0.15 

0.40 – 0.11 0.67 0.80 0.28 

1.00 0.20 0.30 1.71 2.04 0.70 

KCl 

2.00 0.59 0.61 3.32 4.03 1.38 

0.10 – – 0.12 0.11 – 

0.20 – 0.05 0.23 0.22 0.09 

0.40 – 0.11 0.41 0.45 0.15 

1.00 0.12 0.48 1.22 1.11 0.90 

LiCl 

2.00 0.21 0.72 2.32 2.20 1.16 

Table 2

Sonoluminescence intensity of NaCl solutions with the concentration of 400 g⋅⋅⋅⋅⋅dm–3 with admixtures

 (KCl and LiCl concentrations are 0.4 g⋅⋅⋅⋅⋅dm–3) at different LF us frequencies (intensity 1.5 W⋅⋅⋅⋅⋅cm–2)

(UHF frequency and intensity in all the experiments were 20 MHz and 20 W⋅⋅⋅⋅⋅cm–2, respectively)

Sonoluminescence intensity at different LF us frequency Determined 

component 18 kHz 19 kHz 20 kHz 22 kHz 23 kHz 

KCl 0.45 0.61 0.67 0.61 0.17 

LiCl 0.29 0.39 0.41 0.38 0.10 

Table 3

Sonoluminescence intensity of NaCl solutions with the concentration of 400 g⋅⋅⋅⋅⋅dm–3 with admixtures

(KCl and LiCl concentrations are 0.4 g⋅⋅⋅⋅⋅dm–3) at different LF us intensities (frequency 22 kHz)

(UHF frequency and were 20 MHz and 20 W⋅⋅⋅⋅⋅cm–2, respectively)
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Table 5

Results of K and Li admixture determination in artificial and natural brines

Found, g⋅dm
–3

 

Sonoluminescence  methods AAS [2] 

us 22 kHz 
us 22 kHz+4 

MHz 

us 22 kHz+22 

MHz 

Determined 

component 

Added, 

g⋅dm
–3

 

С  Sr С  Sr С  Sr 
С  Sr 

Synthetic brine 400 g⋅dm
–3

 NaCl, 0.40 g⋅dm
–3

 KCl, and 0.40 g⋅dm
–3

 LiCl 

– – – – – 0.39 0.020 0.40 0.011 
KCl 

0.10 – – 0.49 0.051 1.40 0.021 1.39 0.010 

– – – – – 0.40 0.020 0.38 0.014 
LiCl 

0.10 – – 0.50 0.050 1.36 0.021 1.38 0.015 

Natural brine No. 1 (Slavyansk, Ukraine) 

– – – 0.07 0.070 0.08 0.022 0.09 0.011 
KCl 

0.10 – – 0.16 0.071 0.18 0.022 0.19 0.011 

– – – 0.14 0.071 0.14 0.023 0.14 0.010 
LiCl 

0.10 – – 0.23 0.072 0.23 0.023 0.24 0.011 

Natural brine No. 2 (Drohobych, Ukraine) 

– – – 2.14 0.074 2.34 0.021 2.23 0.017 
KCl 

2.00 – – 4.12 0.074 4.25 0.022 4.25 0.016 

– – – 1.56 0.074 1.80 0.023 1.80 0.017 
LiCl 

2.00 – – 3.50 0.075 3.75 0.020 3.79 0.023 

Natural brine No. 3 (Khodzhaikan, Uzbekistan) 

– 5.12 0.103 5.65 0.089 5.79 0.025 5.86 0.029 
KCl 

3.00 7.44 0.099 8.49 0.081 8.76 0.022 8.79 0.027 

– 4.37 0.112 4.45 0.089 4.75 0.028 4.80 0.028 
LiCl 

3.00 6.71 0.108 6.99 0.087 7.64 0.025 7.76 0.025 

Sonoluminescence intensity at different UHF us intensity Determined 

component 16 W⋅cm–2 17 W⋅cm–2 18 W⋅cm–2 19 W⋅cm–2 20 W⋅cm–2 

KCl 0.52 0.54 0.56 0.59 0.67 

LiCl 0.30 0.32 0.37 0.38 0.41 
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ÂÈÇÍÀ×ÅÍÍß ÊÀË²Þ ÒÀ Ë²Ò²Þ Â ÐÎÇÑÎËÀÕ
ÌÅÒÎÄÎÌ ÑÎÍÎËÞÌ²ÍÅÑÖÅÍÒÍÎ¯
ÑÏÅÊÒÐÎÑÊÎÏ²¯

Î.². Þð÷åíêî, Ò.Â. ×åðíîæóê, Î.Í. Áàêëàíîâ,
Ì.Â. Í³êîëåíêî, Â.Ë. ×åðãèíåöü, Î.Ë. Ðåáðîâ

Íàâåäåíî ðåçóëüòàòè ðîçðîáêè ìåòîäèêè ñîíîëþì³-
íåñöåíòíîãî ñïåêòðîñêîï³÷íîãî âèçíà÷åííÿ êàë³þ òà ë³ò³þ
ó âèñîêîêîíöåíòðîâàíèõ ñèíòåòè÷íèõ òà ïðèðîäíèõ
ðîçñîëàõ ç îäíî÷àñíèì âèêîðèñòàííÿì óëüòðàçâóêó íàäâè-
ñîêî¿ (10–25 ÌÃö) òà íèçüêî¿ (18–23 êÃö) ÷àñòîòè äëÿ
³í³ö³þâàííÿ ñîíîëþì³íåñöåíö³¿. Ðîçðîáëåíà íîâà ìåòîäèêà
ìàº çíà÷íî êðàù³ ìåòðîëîã³÷í³ õàðàêòåðèñòèêè. Ïîð³âíÿí-
íÿ çàïðîïîíîâàíîãî ìåòîäó ç ìåòîäîì ïîëóì’ÿíî¿ àòîìíî-
àáñîðáö³éíî¿ ñïåêòðîìåòð³¿ ïîêàçóº, ùî îñòàíí³é ìàº êðàù³
ìåòðîëîã³÷í³ õàðàêòåðèñòèêèá àëå íå ìîæå áóòè âèêîðèñòà-
íèé äëÿ ê³ëüê³ñíîãî âèçíà÷åííÿ îñíîâíî¿ ðå÷îâèíè ó
ðîçñîëàõ. Çàïðîïîíîâàíèé ï³äõ³ä äîçâîëÿº çíèçèòè
íèæíþ ìåæó âèÿâëåííÿ KCl òà LiCl ó ðîçñîëàõ ó 12 ðàç³â
(äî 0,1 ã⋅äì–3) ïîð³âíÿíî ç âèêîðèñòàííÿì óëüòðàçâóêó âè-
ñîêèõ òà íèçüêèõ ÷àñòîò. Îïòèìàëüíèìè óìîâàìè º âèêî-
ðèñòàííÿ óëüòðàçâóêó âèñîêî¿ ÷àñòîòè â ìåæàõ 20–22 ÌÃö
òà ³íòåíñèâíîñò³ â ìåæàõ 20 Âò⋅ñì–2 òà íèçüêî÷àñòîòíîãî
óëüòðàçâóêó ç ÷àñòîòîþ â ìåæàõ 19–22 êÃö òà ³íòåíñèâí³-
ñòþ â ìåæàõ 1,3–1,5 Âò⋅ñì–2.

Êëþ÷îâ³ ñëîâà: ïðèðîäí³ ðîçñîëè, ñîíîëþì³íåñöåíòíà
ñïåêòðîñêîï³ÿ, óëüòðàçâóê, êàë³é, ë³ò³é.
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possible to decrease the lower detection limits of potassium and
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compared with the simultaneous use of ultrasound of high and
low frequencies. The optimal conditions are found to be high-
frequency ultrasound with a frequency within 20–22 MHz and
an intensity within 20 W⋅cm–2 plus low-frequency ultrasound
with a frequency within 19–22 kHz and an intensity within
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