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Abstract

A method has been developed for the determination of relevant trace impurities (alkali, alkaline and transition metals) in high purity quartz
by ion-chromatography. In situ reagent (HF) purification and simultaneous sample dissolution was achieved in a multichannel vapour phase
digestion assembly. Twenty-one samples can be digested at a time in this vapour phase system. Significant decrease in the process blanl
levels for all the analytes was observed. Drastic reduction (250 times) gf Rldnk was achieved in the described vapour phase digestion,
which enables the determination of trace concentration of sodium in high purity quartz. After volatilisation of the matrix and unreacted HF,
the clear water leached solutions were injected into an ion-chromatograph equipped with conductivity detector for the determination of alkali
and alkaline earth metals. In the case of transition metals, the trace residues were leached with 10 mM HCI and after separation on a mixed
bed analytical column (lonPac CS5) were detected by spectrophotometry after post column derivatisation using 4-(2-pyridylazo)resorcinol
(PAR). The accuracy of the result was checked by their comparison with those obtained by independent methods like inductively coupled
plasma (ICP) MS and ICP atomic emission spectrometry. The achievable detection limits are between 0.4 ng/g (Li) and 22 ng/g (Mn). The
application of the method to the determination of the above trace metals in two high-purity-grade quartz samples is demonstrated.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction matrices[2—-4]. To our knowledge, no report concerning
ion-chromatographic analysis of high purity quartz has been
High-purity quartz is widely used to produce optical made until now, despite its capability in providing sensitive,
wave-guide, high performance lens, prisms, photovoltaic fast and multielement capability in a single analysis.
materials and for frequency control applications. Any trace  The predominant techniques that have been used to de-
impurities (Fe, Cu, Ni, etc.) in this material strongly influ- termine trace metal impurities in high-purity quartz include
ences the quality of the final produdtl]. Impurities like graphite furnace atomic absorption spectromgityinduc-
alkali/alkaline earth metals degrade the ultraviolet perfor- tively coupled plasma (ICP) atomic emission spectrome-
mance, shifting the UV cut off (153 nm) to longer wave- try (AES)/flame atomic absorption spectrometry (FAAS)
length [1]. In addition to the stringent purity requirement, and ICP MJ7]. Prior to analysis by these techniqybs7],
Fe*t causes absorption and results in network defects undersulfuric acid is heated with the final digests as post de-
reducing conditiong1]. It is therefore desirable to deter- composition procedure to evaporate silicon related matrix
mine accurately the contents of trace impurities in high components such as hydrofluorosilicic acig i) and un-
purity quartz for quality control. reacted HF. However, the use of sulfuric acid (b.p. 32D
High-performance ion chromatography (IC) has been in sample digestion results in solution matrices that present
well established as an analytical technique for determin- compatibility problems for separation of Groups | and I
ing a wide range of trace metals in a variety of complex cations by IC. Samples of very low pH protonate some of
the cation exchange sites (carboxylate functional groups)
on the stationary phase, lowering charge density and capac-
* Corresponding author. Fax:91-40-27125463. ity. Hydronium ion in the low pH samples, which acts as
E-mail address: ja@cccml.ernet.in (J. Arunachalam). eluent, de-focusses the analyte band, resulting in low peak
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efficiency. Poor peak resolution and irregular base line can 7 NOS. 15; r;g;.u HoLE
i i i idi N s ini 5¢ THRU HOLE
result in cation analysis when an acidic solution is injected 2 31.8x6DEEP C'BORE 231.8x6DEEP C'BORE

ON 152 PCD.

onto a weak acid type cation exchange (lonPac CS12) col- ON 78 PCD.
AS SHOWN.

umn[8]. Even a recently introduced high-capacity column, AS SHOWN.

the lonPac CS1P], requires a dilution factor of 36 to main- ;”SRSOS&,JE%”
tain acidity below 100 mM Fi, when only 10Qul of HoSOy ON 196 PCD.
}—AS SHOWN.

is used in digestion. Some trace elements could then be be- —1d
low quantification limit. Similarly, acidic solutions are not  ;, nos. 108—
compatible with the eluent system of the analytical column THRU HOLES
(lonPac CS5) commonly used for separation of transition 22 Sfﬂ,gwﬁ?u‘
metalg[10]. Alternatively, acidity of the sample solution can b &
be reduced in a high capacity anion exchange resin in the . 21754p—— |
OH~ form [11], but such additional pretreatment step might SAMPLE RACK
contaminate the sample solution for such ubiquitous trace
elements (Na, Ca, Fe, etc.). Additionally, higher impurity RIB\ 247¢
levels in sulfuric acid results in an increase in the process

blank.

Thus, main practical problems in sample treatn@2{ HIGH PURITY RiK i ! " l !
7

@7|—7 NOS. 108
THRU HOLES
ON 36 PCD.
AS SHOWN.

prior to IC are related with sample dissolution and matrix QUARTZ Z
elimination, which must be carried out as per clean chem- sappLe RACK 215
istry protocol[13] in order to avoid contamination and to ob- ___H_F_\_\ ______________
tain low process blanks. Hydrofluoric acid (GR/AR grade) —  [N=======3 SLITTITIIY
is often contaminated with traces of foreign elements, and 201¢
dissolution procedure requires quantities of acid in excess of Fig. 1. MCVPD assembly.

10 times the sample (quartz) mg¥s13], which results in

unacceptable reagent blank values. Exploiting vapour phase

digestion (VPD) can circumvent the reagent blank problem. drilled to channelise the generated acid vapours into the sam-
The vapour phase reaction principle has been utilised suc-Ple compartment. The polypropylene vessel and lid have air

N 14(.7

cessfully for quart45,6], biological matrice§14], and re-  locking arrangement through arib in the lid and correspond-
cently in our laboratory for arsenic metfl5], arsenious ing recess in the vessel. Perfluoroalkoxyethylene (PFA) vials
oxide[16] and boric acid17] samples. (Cole Parmer, USA) were used as sample containers. To

This paper evaluates the feasibility of a dissolution method clean the VPD assembly, a mixture of HF-HNQ.:1) was
without sulfuric acid, so that the resulting solution (after ma- Placed in the reagent compartment, capped and kept in a wa-
trix volatilisation) is amenable to ion-chromatographic anal- ter bath ¢-90°C) for 2h. After cooling, it was thouroughly
ysis for desired trace elements. Matrix dissolution effected rinsed with deionised (DI) water and always kept in closed
in a multichannel vapour phase digestion (MCVPD) assem- condition when notin use. Normal precautions for trace anal-
bly, significantly reduces the reagent blanks, where GR/AR ysis were observed throughout. PFA containers were soaked
grade acid is used instead of the costly high purity grade HF. for 24 h in 2% HNQ and rinsed several times before use.

In the described VPD system, 21 samples can be digested in

a single batch, thus greatly improving the sample throughput. 2.2. Reagents and standards

The results obtained by ion chromatography have been com-

pared with those obtained by other established techniques. High-purity DI water with a specific resistance of
18 M cm or greater was obtained through a Millipore water
purification system. Methanesulfonic acid (Loba Chemie,

2. Experimental Bombay, India), hydrofluoric acid (AR grade, SD fine, India)
and Lithium hydroxide monohydrate (AR grade, Thomas
2.1. Vapour phase digestion apparatus Baker (Chemicals) Bombay, India) were of analytical grade.

4-(2-Pyridylazo)resorcinol (PAR) sodium salt metal indica-
The high purity quartz samples were digested using a tor (GR grade, Loba Chemie) and pyridine-2,6-dicarboxylic
vapour phase digestion assembly as showfin 1 The acid (PDCA, HPLC grade, EMerck) were used. Highly pure
polypropylene vessel is partitioned into reagent compart- sulfuric and hydrofluoric acid (both suprapur grade) were
ment (lower portion) and sample compartment (upper por- from Merck, Germany. Laboratory-prepared sub-boiled
tion) by placing a perforated sample rack, made out of HCI| was used. Stock standards (1000 mg/l) were prepared
polypropylene (PP) sheet. Twenty-one grooves (31rim  from reagent grade salts. Working standards were prepared
8 mm) were machined on the sample rack in which sam- by further diluting the 1000 mg/l standards to the range
ple containers were kept. Fifty-seven holes (10 mm) were expected for the trace metals of interest.
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2.3. Instrumentation and chromatographic conditions temperature= 100°C) inside a laminar flow clean bench.
After complete dryness, the trace residues were leached with
Chromatographic analyses were performed on a metalDI water (2ml) for analysis of alkali/alkaline earth metal
free Dionex DX-300 ion chromatograph (Dionex, Sunny- cations. Similarly in another set of digested samples, the
vale, CA, USA). The system consisted of an advanced residue after evaporation was extracted with 2 ml of 210 mM
gradient pump (AGP-1), a liquid chromatographic mod- HCL prior to separation on lonPac CS5 column. A four-
ule (LCM-3) and a conductivity detector (CDM-3). For fold dilution factor is thus used. In all cases, injection of the
cations (alkali/alkaline earth metal), an lonPac CS12 sample was done in triplicate.
(250 mmx 4 mm) analytical column and CG12 guard col-
umn (50mmx 4mm) was utilised which provides fast
separation in isocratic elution. A 28 sample injection 3. Result and discussion
loop was used. Methane sulfonic acid (25 mM) was used as
eluent at a flow rate of 1 ml/min. Cation self-regenerating 3.1. Assessment of MCVPD system performance
suppressor (CSRS-ULTRA, 4mm) from Dionex was used
for suppressing the conductivity due to the eluent. On heating the MCVPD assembly, HF vapours or dis-
An lonPac CS5 (250 mm 4 mm) analytical column and tilled HF reacts with Si@ forming volatile silicon tetraflu-
the corresponding guard column, lonPac CG5 (50mm  oride. The Sik vapours comes in contact with the solution
4 mm), were used for the separation of transition metals. A in the lower reagent compartment, dissolves in the HF to
pressurised reagent reservoir for post column reagent (PAR)form HoSiFg and remains in the solution. Thus large part
addition and a VDM-2 variable wavelength absorbance de- (80%) of quartz matrix from the sample is eliminated dur-
tector were used. The analysis of the transition metals wasing the sample digestion. The residual HF after VPD along
carried out with the following optimised mobile phase— with the remaining silicon related matrix was volatilised off
a mixed eluent of PDCA (& 10~3M) and LiOH (86 x during heating on IR hot plate to dryness. The trace impu-
10-3M), pH 4.8, was pumped isocratically at a flow rate of rities in the liquid reagent (HF) are not added to the sample
1 ml/min. The post column reagent €104 M) was pre- and this allows for in situ reagent purification. As expected,
pared in 3M ammonia and 1 M acetic acid mixture. The the application of vapour phase digestion instead of direct
reagent was delivered at a flow rate of 0.4 ml/min and mixed reaction is to decrease the reagent blank. To confirm this,
(knitted reaction coil, 375.l) with the column effluent. The  several blank measurements were carried out both in pres-
absorbance was monitored at 520 nm. A WO@ample in- ence and absence of sample inside the VPD chamber and the
jection loop was used. For sample loading, a Rheodyne (sixmean blank values were determin&dj. 2ashows the chro-
port, Model 9126) injection valve was fitted with sample matogram of the process blank (alkali/alkaline earth) when
loops made from polyether ether ketone (PEEK). The instru- AR grade HF is used for direct dissolution of 0.5 g quartz.
ment control, data acquisition and processing was performedFig. 2bis the chromatogram of MCVPD process blank ob-
with Indtech chromatographic software (Indtech, Mumbai, tained using the same AR grade HF. A comparison of chro-
India) via an ACI-2 advanced computer interface. matograms demonstrates the in situ purification efficiency
ICP QMS (VG Elemental, UK) and ICP AES (JY-2000, of the described vapour phase digestion system. Another
France) were utilised as techniques to cross validate theinteresting observation is the presence of large ammonium

results. peak in chromatogrant{g. 23 obtained by direct dissolu-
tion. Initially it was suspected to be due to contamination
2.4. Vapour phase digestion of quartz powder of ammonia from the laboratory air. Such large contamina-

tion of NH4™ in clean bench conditions seemed unlikely. On

Quartz samples (0.5g, size50 to +100 mesh) were  further experiments it was observed that NHpeak height
weighed into the PFA vial in a class 1000 clean room. The was linearly proportional to the volume of AR grade HF
PFA vials were placed in the grooves (31 mm diameter) volatilised. Thus, the contamination of §# is believed
of the sample rack. Hydrofluoric acid (130 ml, AR grade) to be due to the presence of ammonium hydrogen fluoride
was carefully poured into the reagent reservoir through a (NH4)HF in the HF whose decomposition temperature is
polypropylene funnel. The vessel was capped and the as-240°C and hence is not lost, when the sample digests are
sembly was placed on a single hole (diameter 180 mm) evaporated to dryness at 10D. Some batches of AR grade
water bath (90C) for digestion. An exposure time of 7h  HF contain very high amount of (NHHF, and during the
was required for complete digestion of 15 quartz samples volatilisation process it gets concentrated. When trace levels
(15 x 0.5¢, six blanks). When the dissolution was com- of analyte ions are eluted adjacent to a high concentration
plete, the MCVPD assembly was allowed to cool to room ion (NHs), the peak integration of low concentration ions
temperature. PFA vials were removed from the sample rack becomes difficult.
with a plastic forcep, capped and dried externally. PFA vials  Though NH,* is not a required analyte in quartz, a large
containing~1.5ml of residual liquid were evaporated to concentration of it in HF might create difficulty to quan-
complete dryness on a IR hot plate (PTFE coated, surfacetify trace level of sodium/potassium, since these ions have
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Fig. 2. (a) Chromatogram of alkali/alkaline earth metal cations obtained
as reagent blanks, when AR grade HF (5ml) was used in direct dis-
solution of 0.5g of quartz. Peaks: (1) Na(170ng/ml); (2) NH*
(4520 ng/ml); (3) K= (90 ng/ml); (4) M&* (75 ng/ml); (5) unidentified;

(6) C&* (240ng/ml). (b) Chromatogram showing reagent blanks when
same AR grade acid is used in the vapour phase digestion. Peaks:(1) Na
(38.5ng/ml); (2) NHT (18 ng/ml); (3) K& (4 ng/ml); (4) Mt (2.5 ng/ml);

(6) C&*t (5ng/ml). Chromatographic conditions are described in the text.

similar selectivities for the carboxylic acid functional groups
of the CS12 columr18]. As can be seen ifig. 2l the
NH4* contamination is significantly reduced in the reagent
blank in vapour digestion when the same acid is used.
Likewise, chromatograms of reagent blanks for transition
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Table 2

Recovery of analytes from quartz matrix and detection limits
Analytes  Added (ng) Found (ng) Recovery (%) LODs (ng/g)
Lit 25 25 (3) 100 0.4
Nat 100 103 (4) 103 6.0
K+ 100 98 (6) 98 3.0
Mg?+ 100 96 (7) 96 3.1
cat 100 104 (5) 104 4.2
Feit 50 52 (4) 104 10.3
CUw2t+ 50 49 (5) 98 8.4
NiZ+ 100 95 (6) 95 10.8
Zn+ 100 103 (4) 103 14.7
Co** 100 96 (5) 96 12.0
Mn2+ 200 198 (6) 99 22.0

LOD, limit of detection. Figures shown in the parentheses are relative
standard deviations (%) for triplicate measurements.

reagent blanks of Na, K, Mg, Ca, Fe and Zn were signif-
icantly reduced. For instance, the reagent blank of critical
elements like Na, Ca and Fe were reduced by 36-50 times.
The total process blank values (normalized to 1g sample)
of these major elements (except N adds up to approxi-
mately to 80 ng. These values suggest that high-purity quartz
in the purity range of 5-6N can be analysed using this pro-
cedure.

3.2. Recovery study and detection limits

In the VPD and subsequent volatilisation step, sulfuric
acid was not used. As the recommended digestion proce-
dure was modified, it was imperative to study the recovery
of the trace analytes. High-purity quartz (0.5 g) was spiked
with 25—-200 ng of trace analytes, digested through VPD and
analysed by IC. The recovery of spikes ranged from 95%
for Ni%t to 104% for C&t (Table 2. The limit of detec-

metals between direct dissolution and VPD are presented intion (LODs) was defined by the protocol as the concentra-

Fig. 3. Overall reduction in reagent blanks for all the trace
metals between direct dissolution and VPD are quantified
and compared imable 1 As can be seen frortable 1

Table 1
Comparison of reagent/process blank (ng) between direct dissolution and
VPD for 0.5g of quartz« = 2)

Analytes Direct dissolutich VPD
Lit n.d. n.d.
Na™ 350 7
NH4* 9040 36
K+ 180 8
Mg2+ 155 5
cat 480 10
Feit 360 10
Cu2t 12 n.d.
Nij2+ 22 n.d.
Zn?t 35 n.d.

n.d., not detected; VPD, vapour phase digestion.

a8 HF (AR grade, 48%, v/v)—5 ml was taken in PFA vial and evaporated
to dryness in clean bench. Trace metallic impurities were determined by
IC as described in text.

tion of the analyte that gives a peak height response of three
times the standard deviation of the VPD process blank (

5). The observed method detection limits are tabulated in
Table 2 The method detection limits obtained are adequate
for many end applications of quartz. However, in optical fi-
bre extremely low levels of sodium, calcium and potential
colouring elements (transition elements) are required to be
determined which demand still lower detection limits. Fur-
ther improvement in detection limits could be achieved by
several means. These include large volume direct injection
[19,20] a larger sample size (up to 1 g) and further minimi-
sation of blanks (Fe, Ca, Na). The sources of these elements
(Fe, Ca, Na) are most probably in the environment during
the handling procedure after VPD in a normal laboratory.

3.3. Sample analysis, accuracy and precision

As no standard reference material for quartz was avail-
able in our laboratory, the accuracy of the proposed method
was assessed by comparing data obtained by ICP AES/MS
after volatilisation of the silica matrix using A30y-HF
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Fig. 3. (a) Chromatogram of transition metals obtained as reagent blank, when AR grade HF (5ml) was used in the direct dissolution for 0.5 g of quartz
sample. Peaks: (1) B& (180ng/ml); (2) C&* (6 ng/ml); (3) NP+ (11 ng/ml); (4) Z&* (17.5ng/ml). (b) Chromatogram showing reagent blank when
the same AR grade acid is used in the vapour phase digestion. Peak3{1}5e/ml). Chromatographic conditions are described in the text.

acid (Suprapur grade) digestign]. Quantification of ana-
lytes was carried out from calibration graphs obtained from
aqueous standards, which were linedr ¢ 0.991) in con-
centrations ranging from 0.02 to 1 mg/l (transition metals)
and between 0.01 (0.001, Li) and 1 mg/l for alkali/alkaline
earth metal cations. Analysis results of two high purity
quartz samples by IC (HF, vapour phase digestion) and
those obtained by independent techniques (ICP AES/MS,
HF-H,SOy, direct dissolution) are presentedTable 3and

in chromatograms shown iRigs. 4 and 5The results for
most trace analytes show no significant differences indicat-
ing that both HF (AR grade, VPD) and HF=80, (both
suprapur grades) digestion give fairly representative sample
solutions. Thet-test with multiple samples (paired by dif-
ferences) was applied to examine whether the results by IC
(HF, vapour phase digestion) and ICP AES/MS (HESBy
digestion) differed significantly at the 95% confidence level.
As the calculated values dfwere less than the critical
value of 2.571 (degrees of freedemb), it follows that there

is no statistically significant difference between the IC and
ICP AES/MS results. In the two analysed quartz samples,
the concentration of Co was below the detection limit of the
proposed IC method. It is remarkable that the extremely low
concentration of Li in quartz-2 (7 ng/@able 3 Fig. 4b) is
matching well with the ICP MS results. Determination of
iron is normally difficult using a quadrupole ICP MS in-
strument because of the strong interference dP@tét at

m/z 56, which is identical with the most abundant isotope
of Fe [21]. As stated before, both B&/Fe?t are critical
species in certain applications of quafiz, and in this as-
pect ion-chromatography provides much better sensitivity Fig. 4. (a) Chromatogram of trace level (alkali/alkaline earth) metals in
than ICP AES. Unfortunately, the present method cannot be ?SifsthpHuTY(Q)l{a&z)-lkffégk;; (1/) ;l_i ((%)2?\732/9);( 0(%)7Na/* )(_Lgugggl;
utilised for quantification 0of e, as during matrix vJ(r)Iatll- (0.3%5/9)' (©) High purity qu;?zg_’z'. Ponks. (1)1(0'05*3“%/'9); ) Net
isation approximately 95% of P& is oxidised to F&" by (0.410/0): (3) NHi* (-): (4) K* (0.68p0/g): (5) MG (0.31n0/g): (6)
oxygen in air. Precision of the measurements expressed agz+ (2.3ug/g). Chromatographic conditions are described in the text.

DETECTOR RESPONSE

RETENTION TIME (MIN.)
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Table 3 ) 2
Analyte concentrations (@/g) + o) determined by ion-chromatography
(n = 6) in quartz and comparison with results of independent methods
(n=2)
Analytes  Sample IC He ICP M ICP AES
Lit qtz-1 0.23+ 0.02 6 0.215 —
qtz-2 0.007+ 0.002 19 0.009 -
Na* qtz-1 1.05+ 0.07 4 - 1.1
qtz-2 0.41+ 0.04 6 - 0.4 5
K+ qtz-1 0.27+ 0.02 5 - 0.25 4
qtz-2 0.68+ 0.03 4 - 0.72
Mg2+ qtz-1 0.07+ 0.01 10 0.10 - u (@
qtz-2 0.31+ 0.04 8 0.34 - 9
S
cat qtz-1 0.39+ 0.06 7 - 0.43 &
qtz-2 2.3+ 0.2 6 - 2.4 & 5
o |
Fedt qtz-1 1.64+ 0.12 3 - 15 g
qtz-2 0.77+ 0.08 4 - 0.85 B
w
Cuw2+ qtz-1 0.27+ 0.02 4 0.29 - a
qtz-2 0.15+ 0.01 4 0.16 -
3
Ni2+ gzl nd. - <003 4
qtz-2 0.075+ 0.019 12 0.09 ()
zZn%t qtz-1 0.085+ 0.017 8 0.07 -
qtz-2 0.065+ 0.011 18 0.07 —
Co?t qtz-1 n.d. - <0.02 - s 1 £ 3 4 5 & 7 8 9 w0 nooi
az=2 - nd. - <00z - RETENTION TIME (MIN.)
Mn2+ qtz-1 0.33+ 0.02 6 0.35 - . . - )
qtz-2 nd 0.2 B Fig. 5. (a) Chromatogram of trace level transition metals in high purity

quartz-1. Peaks: (1) Bé (1.64ug/g); (2) CEt (0.27ug/g); (4) zZret

a An amount of 0.5g of quartz sample was dissolved in HF (5ml, (0.08ug/g); (5) Mr?* (0.33pg/g). (b) High purity quartz-2. Peaks: (1)
suprapur grade, Merck) and 0.25 mp${,, after matrix and HF volatil- Fe** (0.77ug/g); (2) C#* (0.15ug/g); (3) NPT (0.07pg/g); (4) Zr?t
isation (in clean bench) made up to 5ml with 2% nitric acid. gtz, high (0.06.g/g). Chromatographic conditions are described in the text.
purity quartz; n.d., not detectellg (homogeneity factor}= (R.S.D.)nt/2.

quartz-2 Table 3. Considering the high sensitivity of IC,
for quartz samples«50 to 4150 mesh) with higher impu-
rity levels (>1 ppm), 100 mg sample is sufficient for anal-
ysis. But it was observed that the homogeneity factor for
. these elements was significantly high (between 15 and 30).
3.4. Homogeneity study It is to be expected that homogeneity factor for such sam-
ples would improve when working with smaller particle size

From the standpoint of sample processing, it is desirable (—150 mesh), which was not tried anticipating contamina-
that the gross sample weighs no more than absolutely nec+;,, during grinding.

essary, which is basically determined by the degree of het-
erogeneity of the sample. Hence an optimised sample mass

should l_)e taken for gnaly5|s in qrder to minimise the influ- 4. Conclusion
ence of inhomogeneity on analytical variance. Kurfurst et al.
[22] proposed a homogeneity factor so that characterisation
of solid material homogeneity was feasible. The homogene- h
ity factor (Hg) is related to R.S.D. and sample masg (
through the following equation

R.S.D. (%) was between 5 and 12% in most of the cases.
Standard deviation includes inhomogeneity of the analysed
material and measurement imprecision.

The modified sample dissolution described in this work
as lead to the use of ion-chromatography for the analysis of
high purity quartz. Dissolution carried out by vapour phase
reaction controls the analytical blanks, which are often the
He = (R.S.D.)mY/2 limiting factors in accurate trace metal analysis. The multi-

plex digestion assembly used provides cost effective sample
Materials with homogeneity factors less than 10 are said dissolution for trace analysis in high purity quartz. Further
to be very homogeneous. The quartz samples (sample mas&n-chromatographic analysis provides high sensitivity, mul-
250 mg, size—50 to +150 mesh) reported in this work, tielement capability with low cost of analysis. All these cost
have homogeneity factors between 4 and 12 for most of the savings do not compromise the quality of analytical results.
elements except for Lifg = 19) and Zn Hg = 18) in In conclusion, high purity quartz represents a very suitable
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