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Luminescent properties of magnesium and calcium 8-hydroxyquinolinates
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The dependence of the luminescence intensity of magnesium and calcium 8-hydroxyquinolinates obtained on the

paper surface on the type of buffer solution and solvent for 8-hydroxyquinoline was studied. The detection limit

of magnesium and calcium cations in an aqueous solution was established: for Mg2+ — 77.8 µg/ml (the highest

luminescence intensity was established in an ammonia buffer solution when using a solution of 8-hydroxyquinoline

in chloroform); for Ca2+ — 252.2 µg/ml (the highest luminescence intensity was established in a tetraborate buffer

solution when using a solution of 8-hydroxyquinoline in ethanol). Regression equations were obtained that make it

possible to determine the concentrations of cations (Mg2+, Ca2+) in the solution depending on the luminescence

intensity.
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Magnesium and calcium cations are an integral part of

physiological fluids that need to be monitored to clarify

a person’s diagnosis. As can be seen from the table,

the reference values of the cation content (Mg2+ and

Ca2+) in clinical and laboratory diagnostics [1–3] are

different. Exceeding the concentrations of these cations

can be a precursor or even a consequence of serious dis-

eases. Hypermagnesemia (blood concentration Mg2+ above

1.1mmol/l) indicates chronic kidney or adrenal insufficiency,

myeloma. Hypercalcemia may indicate possible malignant

tumors, sarcoidosis, hyperparathyroidism, leukemia (blood
concentration Ca2+ 2.9−3.6mmol/l).

The relevance of this study is due to the request for

primary in-process testing of physiological fluids to check

the content of magnesium and calcium cations, which

reduces both the time and cost of quantitative analysis.

The content of small amounts (µg/ml) of magnesium and

calcium cations is estimated using atomic absorption or

fluorescent spectroscopy [4,5]. The most commercially

available and sensitive method is the fluorescence analy-

sis. According to literature data, a number of nitrogen-

containing heterocycles form with the metal cations the sub-

stances with fluorescent properties: magnesium cations —
with 4-(N, N‘-dicarboximethyl)-aminobenzyl-(1-azo-2)-1,8-
dioxy-naphthalin-3,6-disulfoacid [6], 2, 2‘-dihydro-xiazo-

benzene [7], azoxin [8], 5-pyrazolone [9], lumomag-

nesone [10], 8-oxychinolin [11], calcium cations — with 2,4-

bis-[N,N‘-di(carboximethylaminomethylfluorescein (fluorex-
one or calcein) [5,12], 8-oxyquinolylhydrazone 8-quinaldine

aldehyde [5], 1,5-bis-(dicarboxymethylamino methyl)-2,6-
dioxynaphthalene [5].

The purpose of this study is to determine the detection

limit of magnesium and calcium cations in aqueous solu-

tions by the fluorescent method using 8-hydroxyquinoline

with visual detection of analytical signal and its quantitative

assessment based on spectral fluorescence analysis.

Experimental part

Reagents. 8-Hydroxyquinoline (h), calcium chloride and

magnesium sulfate (standard titer), sodium hydroxide (stan-
dard titer), aqueous ammonia solution (AR), 10-aqueous
sodium tetraborate (standard titer), sodium hydroxide (AR),
ammonium chloride (AR), ethanol and chloroform (AR),
decontaminated filter

”
blue strip“ (size of pores ∼ 2.5µm).

5% solutions of 8-hydroxyquinoline in chloroform and

ethanol were prepared immediately before the experiment.

It is known from jcite13 that 8-hydroxyquinoline is best

soluble in chloroform (382 g/l). However, based on the low

solubility of chloroform in water (8.0 g/kg [13]), it could

be assumed that when mixing aqueous solutions (magne-

sium/calcium salts and buffer solution) with a solution of 8-

hydroxyquinoline in chloroform, there would be a lowered

diffusion rate of 8-hydroxyquinoline molecules to aqueous

complexes of magnesium (calcium) cations across the phase
interface, which will result in the declined fluorescence

intensity of the reaction product. In this regard, ethanol,

which mixes well with water and has a solubility of 20

g/l [14], was used as another solvent for 8-hydroxyquinoline.

To create an alkaline solution medium that ensures

interaction of 8-hydroxyquinoline with magnesium (cal-
cium) cations, buffer solutions were prepared (tetraborate
(pH 9.8), ammonia (pH 9.25) in accordance with GOST

4919.2-2016 [15]) and sodium hydroxide solution (pH 12.0).

As the analyzed sample, 8-hydroxyquinolinates of cal-

cium and magnesium were used, obtained in accordance

with GOST 5847-76 [14] on filter paper as a substrate.

5µl of aqueous solutions of calcium chloride (concentration
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CaCl2 from 100 to 6.3mmol/l) or magnesium sulfate

(concentration of MgSO4 from 25 to 3.2mmol/l), 5µl of
buffer solution (tetraborate, ammonia) or sodium hydroxide

solution and 5µl of solution in 8-hydroxyquinoline in

chloroform or ethanol were placed on the filter paper one

by one. The interaction of magnesium cations (similar

for calcium) and 8-hydroxyquinoline in an alkaline medium

proceeds according to the equation

The light yellow precipitate of magnesium/calcium 8-

hydroxyquinolinate formed on filter paper (the diameter of

the sediment spot ∼ 12mm) was dried in air for ∼ 10min.

Thus, three batches of magnesium 8-hydroxyquinolinate

samples were prepared (the first — based on an am-

monia buffer solution and 8-hydroxyquinoline dissolved in

chloroform, the second — based on a tetraborate buffer

solution and 8-hydroxyquinoline dissolved in ethanol, the

third — based on an ammonia buffer solution and 8-

hydroxyquinoline dissolved in ethanol) and two batches

of samples of calcium 8-hydroxyquinoline (the first —
based on tetraborate buffer solution and 8-hydroxyquinoline

dissolved in ethanol, the second — based on a solution

of sodium hydroxide and 8-hydroxyquinoline dissolved in

chloroform).
The fluorescence of magnesium and calcium 8-hydro-

xyquinolinates was observed when the samples were irra-

diated with UV light (Optimal Owlet Locator, λ = 365 nm).
However, fluorescence was not detected for two cases:

solutions of calcium cation in an ammonia buffer using a

solution of 8-hydroxyquinoline in ethanol or chloroform.

Spectral investigations were carried out using the equip-

ment provided by the Shared Research Facility Center

at the Department of Chemistry, Herzen University: the

fluorescence spectra were recorded at room temperature us-

ing spectrofluorometer Fluorat-02-Panorama (GK
”
Lumex“,

Saint-Petersburg, Russia) using a quartz-fiber line, excitation

wavelength — 370 nm, step — 0.5 nm [16].

Results and discussion

The fluorescence spectra of magnesium or calcium 8-

hydroxyquinolinates have a bell-shaped shape with a max-

imum at 488 ± 3 nm and differ in fluorescence intensity

for the front and back sides of the substrate. The fluo-

rescence intensity of 8-hydroxyquinolinate and magnesium

and calcium on the front side is lower (∼ 30%) than on the

back side because of different particle sizes of the dispersed

phase: particles larger than 2.5µm are trapped on the front

side of the filter paper, and particles of a smaller size (there
were more of them) passed through the filter pores and

Figure 1. Fluorescence spectra of calcium 8-hydroxyquinolinate

obtained in a tetraborate buffer solution for various initial concen-

trations of calcium cation: dashed line — fluorescence spectrum

of the frontal spot, solid line — fluorescence spectrum of the spot

on the reverse side, red — for a solution with a calcium cation

concentration of 100mmol/l, violet — 50 mmol/l, yellow — 25

mmol/l, green — 12.5 mmol/l, blue — 6.3 mmol/l.

were fixed on the back of the filter paper. Moreover, starting

from the concentration of 25mmol/l, there’s practically no

difference in the fluorescence intensity of the samples on

the frontal side (Fig. 1, three lower dashed curves).
In this regard, further analysis of the obtained results

was carried out using samples of 8-hydroxyquinolinates

of magnesium (calcium) on the back of the filter paper.

Figure 2 illustrates the fluorescence spectra of three batches

of magnesium 8-hydroxyquinolinate, differing in the type of

buffer solution and solvent for 8-hydroxyquinoline: 2, a —
ammonia buffer solution and 8-hydroxyquinoline solution

in chloroform, 2, b — tetraborate buffer solution and 8-

hydroxyquinoline solution in ethanol, 2, c — ammonia

buffer solution and 8-hydroxyquinoline solution in ethanol.

Figure 3 shows a batch of fluorescence spectra of calcium

8-hydroxyquinolinate: 3, a — tetraborate buffer solution

and 8-hydroxyquinoline solution in ethanol, 3, b — sodium

hydroxide and 8-hydroxyquinoline solution in chloroform.

The dashed line in Fig. 2 and the dotted line in Fig. 3 show

the fluorescence spectra of 8-hydroxyquinoline in a buffer

solution at zero concentration of magnesium (calcium)
cation.

The weak fluorescence of 8-hydroxyquinoline at zero

magnesium/calcium content is explained by the formation of

8-sodium hydroxyquinolinate in tetraborate buffer solution

or sodium hydroxide solution or 8-ammonium hydrox-

yquinolinate in ammonia buffer solution. In this regard, the

detection limit of magnesium cation is determined by the

proximity of the fluorescence spectra with zero concentra-

tion and the concentration of magnesium sulfate solution

of 3.2mmol/l. This is consistent with the concentration

of 77.8µg/ml, which greatly exceeds the concentration of

magnesium cation in blood and saliva, but is lower than

in urine. The detection limit of calcium cation in calcium

chloride solution was 6.3mmol/l equivalent to 252.5µg/ml,
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Concentrations of Mg2+ and Ca2+ cations in the physiological fluids of a healthy person.

Fluid Concentration of Mg2+ Concentration of Ca2+

µg/ml mmol/l µg/ml mmol/l

Blood 15.0−26.0 0.62−1.07 80.2−102.2 2.00−2.75

Saliva 2.4−10.2 0.10−0.42 30.0−120.0 0.75−3.0

Urine 195.0 8.02 113.0 2.83

Figure 2. Fluorescence spectra of magnesium 8-

hydroxyquinolinates depending on the concentration of magnesium

cation, type of buffer solution and solvent of 8-hydroxyquinoline:

(a) ammonia buffer solution and chloroform, (b) tetraborate buffer

solution and ethanol, (c) ammonia buffer solution and ethanol.

i.e. significantly exceeded the concentration of calcium in

physiological fluids (see the Table).

To determine the effect of the type of buffer solution and

8-hydroxyquinoline solvent on the maximum fluorescence

Figure 3. Fluorescence spectra of calcium 8-hydroxyquinolinate

depending on the concentration of calcium cation, type of buffer

solution and solvent of 8-hydroxyquinoline: (a) tetraborate buffer

solution and ethanol, (b) sodium hydroxide and chloroform.

intensity versus magnesium sulfate (Fig. 4) and calcium

chloride (Fig. 5) concentrations the graphs approximated by

linear dependencies were plotted.

As can be seen from Fig. 4, the samples obtained

in an ammonia buffer with a chloroform solution of 8-

hydroxyquinoline have the highest fluorescence. It fol-

lows from Fig. 5 that the most intense fluorescence was

recorded for calcium 8-hydroxyquinolinate obtained in a

tetraborate buffer solution with an ethanol solution of 8-

hydroxyquinoline. Regression equations are given next to

linear approximations, which make it possible to determine

the concentrations of cations (magnesium or calcium).

When irradiated with UV light (Optimal Owlet Lo-

cator), a bluish-turquoise glow of magnesium (cal-
cium) 8-hydroxyquinoline was reliably observed regard-
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Figure 4. Fluorescence intensity at the maximum versus

magnesium sulfate concentration, versus buffer solution, and

versus 8-hydroxyquinoline solvent: upper dependence (marker —
square) — ammonia buffer solution and chloroform, medium

dependence (marker — triangle) — tetraborate buffer solution

and ethanol, lower dependence (marker — circle) — ammonia

buffer solution and ethanol.

Figure 5. Fluorescence intensity at the maximum versus calcium

chloride concentration, versus buffer solution, and versus 8-

hydroxyquinoline solvent: upper dependence (marker — trian-

gle) —tetraborate buffer solution and ethanol, lower dependence

(marker — circle) — sodium hydroxide and chloroform.

less of the type of buffer system and solvent 8-

hydroxyquinoline. For samples with zero concentration

of magnesium/calcium cations, the light green-yellow color

of fluorescence indicated the glow of sodium or am-

monium 8-hydroxyquinolinates. At a low concentration

of 8-hydroxyquinolinates of magnesium and calcium, the

fluorescence had a mixed color.

The following conclusions may be drawn from the

obtained results. 1. According to spectral fluorescence

analysis, the detection limit of magnesium and calcium

cations in aqueous solutions has been determined. For

magnesium cations — 77.8 µg/ml (the highest intensity

was set in an ammonia buffer solution using a solution of

8-hydroxyquinoline in chloroform), for calcium cations —
252.2µg/ml (the highest intensity was set in tetraborate

buffer solution when using a solution of 8-hydroxyquinoline

in ethanol).

2. To quantify the content of calcium and magnesium

cations in the analyzed sample, regression equations were

obtained using spectral fluorescence method to determine

the ion concentrations depending on the fluorescence

intensity.

3. The visual method of fluorescence control in the low

concentration region does not provide reliable determina-

tion of magnesium and calcium cations, regardless of 8-

hydroxyquinoline solvent and the type of buffer system.
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