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Abstract A simple and rapid cloud point extraction

methodology has been developed for the separation and

determination of palladium, after complexation with benzil

mono-(2-pyridyl) hydrazone in acidic medium, using Tri-

ton X-114 as nonionic surfactant. Under the optimum

experimental conditions, the calibration curve was linear in

the range of 0.05–25 lg L-1. The enrichment factor was

104 for a 50 mL sample volume. The limits of detection,

based on three times the standard deviation of the blank

signal by seven replicate measurements was 0.12 lg L-1.

The relative standard deviation (RSD) for seven replicate

determination at 5 lg L-1 of palladium was 1.85 %. Under

the presence of foreign ions and EDTA as a strong com-

plexing agent, no significant interference was observed.

The accuracy of the results was verified by analyzing

spiked water samples. The proposed method has been

applied for the separation and determination of palladium

from synthetic highly active radioactive waste with satis-

factory results.

Keywords Cloud point extraction � Palladium � Benzil

mono-(2-pyridyl) hydrazone � Highly active liquid waste

Introduction

Highly active liquid waste (HLW) generated during the

irradiation of reactor fuel is a valuable resource of platinum

groups metals (PGMs), namely palladium (Pd), ruthenium

(Ru) and rhodium (Rh) [1]. Most of these metals are stable

during reactor operation and are being targeted now as

valuables. The projected estimates [2] indicate that about

2,500–3,000 tonnes of fission PGMs will be produced by

the year 2030 as a result of nuclear reactor operation

worldwide and only 7,000 tonnes of natural reserves will

be left in the same period.

The applications of PGMs in various chemical, phar-

maceutical, petroleum and electronic industries and

research institutes are well documented and, currently,

there is a heavy demand of these metals for various

applications [2, 3]. Since the natural abundance of PGMs in

the earth crust is very low and those present in mines are

also likely to be consumed in another few decades, there is

an increased interest towards recovering PGMs from

nuclear wastes. In addition, separation of PGMs from waste

may indirectly exclude some concerns associated with the

management of high-level radioactive waste. These metals

increase the melting point of waste glass formed and tend

to separate as distinct phase during vitrification leading to a

non-homogeneous glass matrix [4]. This problem is more

serious and undesirable when the waste originates from

reprocessing of fast reactor fuels, in which the amount of

fission platinoids are much higher due to the employment

of 239Pu as fissile element and higher burn-up [2]. There-

fore, removal of PGMs from HLW is desirable prior to

immobilization.

To recover the PGMs from HLW, several extraction

methods have been reported in the literature [5–17], with

particular interest in the separation of Pd.
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Cloud point extraction (CPE) is probably one of the

most versatile and simple methods for the preconcentration

and extraction of metal ions. It has attracted a considerable

attention because it complies with the ‘‘Green Chemistry’’

principles [18], as the amount of organic solvent is much

less than that of traditional liquid extraction. Moreover, it is

simple, cheap, highly efficient, rapid and of lower toxicity

than those used organic solvents. The first application of

CPE for metal determination was reported by Watanabe

et al. [19]. Since then, it has been used for separation and

preconcentration of many metal ions in different matrices

[20]. The separation mechanism is based on the clouding

phenomena of surfactant. Upon heating a micellar solution

of a non-ionic surfactant, the surfactant will change from

water-soluble to oil-soluble. Above a certain temperature,

called the cloud point, it will completely water insoluble

and, hence, the surfactant molecules will separate out from

the aqueous phase. As a result, the clear solution becomes

turbid and phase separation occurs. At the cloud point, the

homogenous surfactant-rich phase contains much of the

surfactant while the other phase, called the water (or

aqueous) phase, contains mostly water and surfactant

monomers at a concentration near its critical micelle con-

centration. Some hydrophobic compounds or organome-

tallic complexes initially present in the solution and bound

to the micelles can be favorably extracted and concentrated

in a small volume of surfactant-rich phase [21]. No data is

available in the literature for the separation of Pd(II) from

HLW using CPE.

Several research groups [22–28] have proposed CPE

systems for the analysis of Pd(II) (Table 1). Most of the

systems are effective at weak acidic to basic pH values.

However, at these conditions, the selectivity of the method

is hindered by the interference from some metal ions [29]

as well as the precipitation of many transition metals as

hydroxides from the aqueous solution [30], making the

method not applicable for the determination of Pd(II) in

acidic media.

In this article, we describe a CPE system for the sepa-

ration and preconcentration of Pd(II). In the developed

system benzil mono-(2-pyridyl) hydrazone (BMPH),

scheme 1, was used as the chelating agent and Triton

X-114 as a non ionic surfactant. The experimental

parameters affecting the CPE efficiency were investigated

in detail. The analytical figures of merit and interfering

ions tolerance are presented. Finally, the method was

successfully applied for the separation of Pd(II) from

synthetic HLW.

Experimental

Reagents and solutions

All aqueous solutions were prepared with ultrapure water

that had been obtained by Milli-Q water purification sys-

tem (Millipore, Billerica, MA, USA). Reagents used were

of analytical grade from Sigma–Aldrich (St. Louis, MO,

USA), Fluka (Buches, Switzerland) or Merck (Darmstadt,

Germany). The laboratory glassware was kept overnight in

10 % v/v HNO3 solution. Before the use, the glassware was

washed with deionized water and dried in a dust free

environment. Stock solution of Pd(II) was prepared by

dissolving 0.1664 g of PdCl2 in 100 mL 0.1 mol L-1 HCl

Table 1 Comparison of reported CPE of palladium methodologies

Complexing

agent

Surfactant Instruments Samples pH LOD

(lg L-1)

EF RSD % Ref.

DMG Triton X-114 FAAS Street dust, soil, radiology

waste, catalytic converter and

urban aerosol

6 1.0 51 0.5 [15]

PMBP PONPE 7.5 FAAS Mine 2.5 1.8 17 0.6 [16]

BIMPI Triton X-114 FAAS Waste water, soil and

hydrogenation catalysts

7.0 25 28 2.7 [17]

BIES Triton X-114 FAAS Radiology waste, vegetable,

blood and urine

8.0 1.5 32 2.1 [18]

DADHA Triton X-114 ICP-OES Mine stones 6.5 0.3 20.2 3.8 [19]

PAN Triton X-114 Thermal lens

spectrometry

Water 4.0 0.04 460 \5 [20]

PAN Tergitol TMN-6 FAAS Industrial polluted soil 4.0 1.4 21 0.8 [21]

BMPH Triton X-114 ETAAS HLLW 2.0 0.12 104 1.85 The present work

DMG Dimethylglyoxime, PMBP 1-phenyl-3-methyl-4-benzoyl-5-pyrazolone, BIMPI 2-((2-((1H-benzo[d]imidazole-2-yl)methoxy)phen-

oxy)methyl)-1H-benzo[d]imidazol, BIES bis((1H-benzo [d] imidazol-2yl)ethyl) sulfane, DADHA 1,8-diamino-4,5-dihydroxy anthraquinone,

PAN 1-(2-pyrisylazo)-2-naphthol, BMPH benzil mono-(2-pyridyl)hydrazone
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solution and was standardized gravimetrically by dim-

ethylglyoxime method [31]. Working standard solutions

were obtained by appropriate dilution of the stock standard

solutions. BMPH was prepared according to the method of

Chiswell [32] by heating under reflux equal stoichiometric

amounts of benzil and 2-hydrazinopyridine (0.1 mol L-1)

in ethanol (50 mL) in the presence of 1 mL glacial acetic

acid for 30 min. One mmol L-1 solution of BMPH was

prepared by dissolving appropriate amounts in 100 mL

ethanol. Buffer solutions were prepared by 1 mol L-1

hydrochloric acid—1 mol L-1 sodium acetate (pH

0.5–3.5); 0.2 mol L-1 acetic acid—0.2 mol L-1 sodium

acetate (pH 4.0–7.0); 2 mol L-1 ammonium chloride—

2 mol L-1 ammonium hydroxide (pH 7.5–12.0). Triton

X-114 was used without further purification.

Apparatus

A Perkin Elmer atomic absorption spectrophotometer

(Model AAnalyst 800) with a longitudinal Zeeman back-

ground correction furnished with a transversely heated

graphite atomizer (THGA) was used for determination of

Pd(II). Sample solutions were injected into the atomizer

using AS-800 auto sampler. The sample injection volume

was 20 lL. The system is equipped with win Lab 32

software. The instrumental parameters and temperature

program for the graphite atomizer were summarized in

Table 2. The pH of the solution was adjusted using a

Hanna instrument model 8519 digital pH meter(Hanna

Instruments, Germany). A thermostated water-bath with a

temperature control within ±1 �C (Hänigsen, Germany)

Model Kottermann 3006, maintained at the desired tem-

perature, was employed for the cloud-point temperature

experiments. A CH90-2 centrifuge (Hinotek Technology

Co. Ltd., China) was used to accelerate the phase separa-

tion process.

Synthetic HLW

Synthetic HLW was prepared in a manner similar to that

reported in literature [33], with the addition of other metal

ions such as Th, Hf, Ho and V. The concentration of var-

ious metal ions in simulated highly active nuclear waste

O

N
N
H

N

OH

N
NN

keto form enol form

Scheme 1 Structure of BMPH

Table 2 Instrumental parameters for Pd determination using GFAAS

A. Instrumental parameters

Wavelength (nm) 247.6

Slit width (nm) 0.2

Lamp current (mA) 30

B. Temperature program

Step Temperature (�C) Time (s) Argon flow

rate (mlmin-1)

Ramp Hold

Drying 1 110 1 30 250

Drying 2 130 15 30 250

Pyrolysis 900 15 20 250

Atomization 2,200 0 6 0

Cleaning 2,500 1 5 250

Table 3 List of metal ions included in the synthetic HLLW solution

Constituent Conc. (mg L-1) Constituent Conc. (mg L-1)

Naa 3,000 Snb 14.9

Ve 52 Sbb 5.1

Cra 100 Teb 103.0

Mna* 183.1 Csa 548.8

Feb 500 Baa 310.0

Coa** 130.0 Lac*** 258.5

Nia 98.5 Cea 529.7

Seb 12.8 Prd 250.2

Rba 72.5 Ndd 879.4

Sra 188.7 Smd 165.8

Yc 104 Eud 20.9

Zra 765.8 Gdd 165

Mob 725.3 Tbd 5.0

Ruc 464.3 Hoa 165

Pdc 265.0 Hfc 180

Aga 19.2 Tha 116

Cda 15.8 Ua 20,000

a Nitrate salt, b metal powder, c chloride salt, d oxide; e sulfate

* At place of Tc, ** at place of Rh, *** at place of Pm
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(nitrate salts preferred) is given in Table 3. Metal powder,

metal oxide, sulfate and chloride salts were used in the

absence of nitrate salts. Each of them was dissolved sep-

arately in hot conc. nitric acid before their addition to one

another. Acidity of the simulated HLW was ascertained by

alkalimetry in the presence of neutral saturated K2C2O4

solution. The overall acidity of simulated HLW was

adjusted by evaporating the solution to near dryness, and

then adding 3 M HNO3. Before applying the recommended

CPE procedure and to reduce the ionic strength, 5 mL of

the HLW was taken and the pH was adjusted to 2 by

0.5 mol L-1 NaOH and the solution was brought to a final

volume of 50 mL with deionized water. One mL of this

diluted solution were analyzed by the prescribed procedure.

Recommended procedure of CPE

An aliquot of 50 ml of a solution containing Pd(II), buf-

fered with pH 2, Triton X-114 (0.05 % w/v) and 10-5

mol L-1 of BMPH were kept for 10 min in a thermostatic

bath at 40 �C. The surfactant-rich phase typically settles

through the aqueous phase. The phase separation is

accelerated by centrifuging at 4,000 rpm for 10 min. The

phases were cooled down in an ice bath in order to increase

the viscosity of the surfactant rich phase. The bulk aqueous

phase was decanted by inverting the tube and dried in water

bath. The surfactant rich phase in the tube was made up to

0.5 ml by adding mixture of methanol/conc. HNO3 (5:1).

Twenty lL of the samples were introduced into GFAAS for

the determination of Pd(II).

Results and discussion

Optimization of CPE procedure

In order to obtain maximum extraction efficiency by CPE

method, several parameters need to be taken into account

before analysis of the real samples. The most important

are: (1) pH of the sample solution (2) ligand concentration,

(3) surfactant concentration, (4) temperature and duration

of reaching equilibrium, and (5) ionic strength. All opti-

mization experiments were carried out on standard solution

of Pd(II).

Effect of pH

The separation of metal ions by CPE method involves prior

formation of a complex with sufficient hydrophobicity to

be extracted into the small volume of surfactant rich phase.

The pH plays an important role on metal–chelates forma-

tion and subsequent extraction. The effect of the pH on

metal ions extraction was assessed by varying the pH from

0.5 to 12 using the suitable buffer solution. As can be seen

in Fig. 1, with the increase in the pH range, the extraction

recovery of Pd(II) increased gradually, and the maximum

extraction efficiency was obtained at pH ranging from 2.0

to 4.0. Thus, pH 2.0 was used as the optimum pH for

extraction of Pd(II) for the subsequent experiments.

Effect of BMPH concentration

BMPH forms many complexes with different metal ions

and has many applications in trace element separation and
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Fig. 1 Influence of the pH on the extraction recovery of Pd(II).

Conditions: 5 lg L-1 Pd(II); 10 mL aqueous solution; 0.05 % w/v

Triton X-114; 10-5 mol L-1BMPH, 40 �C
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Fig. 2 Effect of the concentration of BMPH on the extraction

recovery of Pd-(II). Conditions: 5 lg L-1 Pd(II); 10 mL aqueous

solution; 0.05 % w/v Triton X-114; pH 2.0; 40 �C
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preconcentration [29, 34, 35]. In general, the concentration

of the chelating reagent has a remarkable effect on the

extraction efficiency. In order to select the optimal con-

centration of BMPH, the effect of BMPH concentration in

the range of 1–60 lmol L-1 was investigated, while the

other experimental parameters remaining constant. The

results obtained (Fig. 2) show that the percentage recov-

eries of Pd(II) were enhanced by increasing the concen-

tration of BMPH up to 10-5 mol L-1, and reaches the

plateau afterwards. Thus, BMPH concentration of 10-5 -

mol L-1 was employed throughout the work.

Effect of Triton X-114

Triton X-114 was chosen because of its commercial

availability in a high purified homogeneous form, low

toxicological properties and cost. Also, the high density of

the surfactant rich phase facilitates phase separation by

centrifugation. Additionally, the cloud point (23–26 �C) of

Triton X-114 permits its use in the preconcentration of a

large number of molecules and chelates. For these reasons,

most CPE systems developed for Pd(II) are designed

around this non-ionic surfactant (Table 1). The variation on

the extraction recovery, as a function of the Triton X-114

concentration is expressed in Fig. 3, when 10 ml solution

containing Pd(II) and all the reagents in the presence of

0.01-0.1 % (w/v) Triton X-114 was extracted. Extractions

close to 100 % were observed for a surfactant concentra-

tion higher than 0.05 w/v. At lower concentrations, the

extraction efficiency of the complex was low, due to the

inadequacy of the assembly to entrap the complex. The

lowest concentration of Triton X-114 possible was chosen

in this experiment to minimize the volume of the surfactant

rich phase, which should positively impact the

preconcentration factor. Hence, a concentration of 0.05 %

(w/v) was chosen for further studies.

Effect of equilibrium temperature and time

Equilibrium temperature and time seem to play important

roles to achieve easy phase separation. Especially, temper-

ature plays additional role in enhancing preconcentration

efficiency and enrichment factors. When the temperature

increases, dehydration occurs and results in decreasing the

volume of the surfactant-rich phase, increasing the phase–

volume ratio. Another important point equilibrium time is

necessary to achieve easy separation, preconcentration, and

complete extraction. At equilibrium time, metals react with

chelating agents and they transport inside the surfactant-rich

phase kinetically. It is therefore essential to maintain the

equilibrium time and temperature lowest quantitative

extraction. The dependence of extraction efficiency upon

equilibration temperature was studied in the time range of

20–80 �C, and was found in the temperature range of

40–60 �C the extraction is completed (Fig. 4). Above this,

temperatures lead to the decomposition of complexes and the

reduction of extraction efficiency. Therefore, an equilibrium

temperature of 40 �C was further used in all experiments.

The effect of equilibrium time on the extraction efficiency

was studied in the range of 5–30 min (Fig. 5), and it was

found that equilibrium time of 10 min was adequate for the

extraction of Pd(II).

Effect of centrifugation time and rate

Generally, centrifugation time and rate never affect micelle

formation but accelerate the separation process. The effect

of the centrifugation time on the extraction efficiency was
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Fig. 3 Effect of the surfactant concentration on the extraction

recovery of Pd(II). Conditions: 5 lg L-1 Pd(II); 10 mL aqueous

solution; 10-5 mol L-1 BMPH; pH 2.0; 40 �C
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studied at 5–25 min at 4,000 rpm. A centrifugation time of

10 min was selected. Since the extraction of Pd(II) is

almost quantitative, no appreciable improvements were

observed for longer time.

Effect of ionic strength

The cloud point of micellar solutions can be controlled by

addition of salts, alcohols, non-ionic surfactants and some

organic compounds (salting-out effects). To date, most of

the studies conducted have shown that ionic strength has no

appreciable effect on the extraction efficiency [36].

Therefore, to investigate the influence of ionic strength on

extraction efficiency, various experiments were performed

by adding different amounts of NaNO3 (0–1 mol L-1) and

the rest of the experimental conditions were kept constant.

Based on the obtained results, the addition of NaNO3

within the interval of 0–0.5 mol L-1 had no significant

effect on the CPE efficiency. The analytical signal

decreased considerably by increasing NaNO3 concentra-

tions ([0.5 mol L-1). This effect might be explained by

the additional surface charge when the NaNO3 concentra-

tion is very high, thus changing the molecular architecture

of the surfactant and consequently the micelle formation

process [25]. These results indicate that samples of high

ionic strength such as HLW must be diluted before

applying the procedure to decrease the ionic strength.

Effect of methanol

In the phase separation step, the surfactant-rich phase with

high viscosity was settled. The addition of a diluent, such

as methanol/conc. HNO3 mixture (5:1) reduces the sur-

factant phase viscosity. There is an optimum volume

(0.5 mL) with respect to the metal ion recovery. Larger

volumes of acidified methanol, dilution are clearly pre-

dominated resulting in a gradual absorbance reduction.

0.5 mL of the methanol/conc. HNO3 mixture is therefore

used throughout the remaining experiments.

Interferences

In order to investigate the selectivity of the method, 10 mL

of the sample solution containing 5 lg L-1 of Pd(II) was

extracted under the specified experimental conditions in the

presence of high concentration of various cations and

anions, usually present in real samples. An ion was con-

sidered to be interfering when it caused a variation greater

than ±5 % in the recovery percentage of the samples. The

results are tabulated in Table 4. As can be seen, the

recoveries of the Pd(II) in these cases were almost quan-

titative, meaning that the method described is applicable to

the analysis of Pd (II) in different samples. Also, in the

present study, the addition of EDTA as a strong chelating

agent did not affect the separation process with any ratio in
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Fig. 5 Effect of the incubation time on the extraction recovery of

Pd(II) by the recommended procedure

Table 4 Tolerance limits of interfering ions

External ion Tolerable

concentration

ratio

%Recovery

± S.D.

K? 10,000 97.5 ± 2.0

Na? 10,000 98.2 ± 1.8

Cs? 10,000 96.4 ± 2.1

Ca2? 1,000 97.5 ± 1.0

Mg2? 1,000 99.0 ± 1.5

Al3? 700 100.5 ± 2.0

Bi3? 400 96.0 ± 2.7

Fe2? 1,000 97.0 ± 1.8

Cr3? 800 97.4 ± 2.3

Mn2? 900 96.5 ± 2.0

Pb2? 900 102.0 ± 1.8

Cd2? 500 97.8 ± 2.2

Co2? 500 97.2 ± 2.5

Ni2? 500 99.2 ± 1.8

Zn2? 500 96.5 ± 2.4

Hg2? 400 96.8 ± 3.0

CrO4
2- 1,000 101.5 ± 1.5

PO4
3- 1,000 98.6 ± 2.0

SCN- 1,000 97.4 ± 2.3

CH3COO- 1,000 101.0 ± 1.0

Cl- 1,000 98.8 ± 2.0

Oxalate 1,000 95.8 ± 2.5

Citrate 1,000 103.0 ± 1.6

SO4
2- 1,000 100.0 ± 1.5

NO3
- 1,000 99.0 ± 1.8
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the range of the ionic strength (1 mol L-1). So, the method

is also applicable in the presence of complexing agents

without digestion step to remove the organic matrix.

Analytical performance

The analytical characteristics of the optimized method,

including linear range, limit of detection (LOD), repeat-

ability and enrichment factor are summarized in Table 5.

The results indicate that the graph of absorbance versus

metal ion concentration was linear in the range of

0.05–25 lg L-1. The correlation coefficients (R2) values

was 0.9993. According to the IUPAC recommendations,

LOD was calculated as the concentration of the analyte

yielding a signal equivalent to three times the standard

deviation of the reagent blank signal (n = 7). Under the

optimum conditions, the LOD value for Pd(II) was

0.12 lg L-1. Furthermore, for preconcentration of 50 ml of

the working standard solution based on the slope ratio of

calibration curve with and without preconcentration, an

enrichment factor of 104 was obtained. The relative standard

deviations (RSD) of our method, obtained for seven deter-

minations of Pd(II) was 1.85 %.

Analysis of spiked water samples

The proposed CPE methodology was applied to the

determination of Pd(II) in spiked water samples to estimate

the accuracy of the procedure. Water samples (i.e., tap

water, sea water, river water and mineral water) were fil-

tered using a 0.45 lm pore size membrane filter to remove

suspended particulate matter and aliquots of water (10 mL)

were subjected to the recommended procedure. Each type

of water was spiked with variable amounts of Pd(II) to

assess matrix effects. The results are shown in Table 6.

Good agreement was obtained between the added and

found analyte contents using the recommended procedure.

Comparison with other methods

The analytical characteristics of the proposed method were

compared with methods in the literature (Table 1). The

proposed methodology shows significant improvement

regarding the limit of detection and the enrichment factor,

compared to the methods already published. The working

in more acidic conditions (pH 2) is another advantage of

our procedure, to avoid the interferences caused by the

precipitation of transition metal hydroxides in the extrac-

tion process [29].

Palladium separation from synthetic HLW

The study was applied for Pd(II) recovery from a synthetic

HLW with composition shown in Table 3. This is the

composition of HLW that is based on the fission product

inventory of spent fuel from a pressurized heavy water

reactor with burn-up of 6,500 MWd/ton of UO2 after three

years of cooling [32]. The quantity of waste produced is

assumed to be 800 L/ton of fuel [37]. Results presented in

Table 7 show that this method gives very good precision

(1.68 %SD) and high, more than 98 %, accuracy. This

indicated that the separation procedure developed is free of

interferences from the HLW constituents. The above

results suggest the interesting feasibility of using CPE

methodology for the recovery of Pd(II) from HLW.

Conclusion

The proposed approach is a sensitive method for Pd(II)

preconcentration. The method is simple, easy to use and

economic. Another interesting feature of the method is

speed. It leads to excellent extraction efficiencies. The

method works in strongly acidic conditions (pH 2),

avoiding the interferences caused by the precipitation of

transition metal hydroxides in the Pd(II) extraction process.

Table 5 Analytical figures of merit for the proposed method

Parameter

Limit of Detection (lg L-1, n = 7) 0.12

Precision (% RSD, n = 7) a 1.85

Linearity (lg L-1) 0.05–25

Correlation coefficient (R2) 0.9993

Enrichment factor (EF) 104

a Pd(II) concentration was 5 lg L-1 for which RSD was obtained

Table 6 Determination of Pd(II) in different water samples

Sample Pd(II) spiked

(lg L-1)

Pd(II) detected

(lg L-1)

RSDd

(%)

Recovery

(%)

Tap

watera
0.0 N.D.e – –

1.0 0.98 2.2 98.0

2.0 1.97 1.8 98.5

River

waterb
0.0 N.D. – –

1.0 1.01 1.6 101.0

2.0 1.98 2.2 99.0

Sea

waterc
0.0 N.D. – –

1.0 0.97 1.9 97.0

2.0 2.0 1.4 100.0

a From drinking water system of Mansoura, Egypt
b From nile river at Mansoura, Egypt
c From mediterranean sea at Port Fouad, Egypt
d RSD of seven replicate experiments
e Not detected
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Cloud point extraction also has an advantage over tradi-

tional solvent extraction because toxic solvents are

replaced by minimal quantities of surfactant, leading to a

high preconcentration factor. As can be shown in Table 1,

the characteristic data of the present method are better or

comparable with those reported in the literature. This

technique provides good precision, simplicity, ease of

operation, low detection limits and good recovery within a

short time compared to the other techniques.
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