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Motivation: Hg' Analytical Method

Global Goal = development of an analytical technique that is:
* Field-based

 Calibrated
e Chemically resolved

* Direct measurement of ambient Hg' forms and compounds

Many efforts have been made toward this goal, but:
* A single method is not yet available
* Existing methods have limitations



Background: Hg-N in Flue Gas by GC-MS

HgCH,*,Cl derivatives,
HgNH*? no Cl used o
e Air:N, mixture N -
o *S0, (1600 ppm) i e
Air Mixture «NO, (20 ppm) -
*Hg (80 ug m3)
‘ Sorbent Traps *MnO, on y-alumina .
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eEffluent passed .. .
through Limitations
acetonitrile (-15 C) .
Breakthrough B ;00 roke through * Reaction between Hg-N compounds and the PDMS GC column
acetonitrile, Hg" .
was retained * Same results for Hg(NO;), and Hg(NO;),-N,0, which should not
be the case
* Unstable calibration using solutions

Analysis *HgP by CVAAS

°E'f'('5ig_:/f§t°nitf”e » Assignment of rational formulas to m/z signals was problematic

Relative Intensity, %

» Suggested only qualitative results are possible

Olson et al., 2002 (“On the analysis of mercuric nitrate in flue gas by GC-MS”; Analytical and Bioanalytical Chemistry)



Background: Hg Halides by APCI-MS

target species (M)  phase fea?ﬁiftﬂf S uccesses
HgCl, (IP = aqueous distilled water .
11.380 eV) it * Preconcentration of HgX, followed by
sopropanal” thermal release into the analyzer is
BN possible (implications for portability)
N,”
CHESN, * Both HgCl, and HgBr, were detected in
sobutane/N,” ambient air
SE;/isobutane
Mossoey e S * Detection limit: 6-40 pg HgX,
Ar
N, Limitations
H,
sctylene /N * Only successful for HgX, compounds
S—  Requires 1 day of loading
SE,/isobutane . .
o/, o Suffers from interferences with other
enzene/ N, . .
HeO squeous  distlled wter ambient air compounds
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Deeds et al., 2015 (“Development of a particle-trap preconcentration-soft ionization mass spectrometric technique for the quantification of mercury halides in air”; Analytical Chemistry)



Background: Gaseous Hg' by GC-MS

HgBr, cryo-trapped

from perm tube (3:82%*) S u Ccesses

S
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* -MS confirmation of HgX, compounds
m oo * Chromatographic separation of HgX,
| EEEEEE :
Wy B— mixtures
50 ] o Hg(NO,),Dlprobe | | ] .
* Development of cryo-trapping technique
for ambient air sampling
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* HgO and Hg(NO;), spectra were not
detected from permeation tubes
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* HgO not detectable using this method
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Jones et al., 2016 (“Detection and quantification of gas-phase oxidized mercury compounds by GC/MS”; Atmospheric Measurement Techniques)



* Develop a GC-MS method(s) for more Hg' compounds that can be
used with ambient air samples

Critical orifice / Permeation |UHP He
\ oven o
_ —H | |
= I I
|
He=-mm]l
Sample l spectrometer I
Crygenic :
— [ concentrator | ;
Desorber — — : :
l 1vent L-------l
Pyrolyzer

'—m —1 Tekran 2537

From: Jones et al., 2016



Direct Injections to —MS in El vs Cl

* Load Hg" salts or Hg'" solutions into
test tubes for direct analysis

* Optimize detector lens voltages

* Electron vs. Chemical lonization

U Electron Source



(x10,000)

HgBrZ 1.00
e Rational ions are present 5#
* Match well with Joneset ] o
al. (2016) results s o
O_OCEI||6!O|I| .1?1....,.. | |
HgCl, i |
* Rational ions are present &
* Match well with Jones et * T
al. (2016) results, with less ~
fragmentation 1y 1 g

m/z



Hg" in El Mode: Other Compounds

x10,000)

TNO,? Hgl-?g’;Sf?Hs’ HB(NO,),H,0

Hg(NO,),-H,0 - - / HENO,  Hg(NO;),
» Rational degradation " ) MLW . ‘

products are not detected - () -
* HgO is detected 5’ T e
HgO d M
* No strong, replicable HgO o.c;ﬁ"’ee. . M

signal é) 22 HgsOo,
HgsO,
* No signal detected i 1"

m/z



Reagent Gas: Y
. (03
isobutane "
[} [} —Cc =
ll : m/z+43 & m[z+57 "
g'in ode: Halides
35(_X’IO,OOO) IP:10.56 eV (x10,000) IP:11.38 eV
10 HgBr, + isobutane | , ] 23 HgCl, + isobutane
3.0 T ?
o5 HgBr HgBr, 25
: +43 +43 ]
] 2.0
2% Hg® HgBr ]
157 " 61 Hg®
103 Hg® 1.0] %2 Hecl [ HeCl,
] 202 ] i 1T7 1 237 4 14
1 401
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704 |
] 50 272 HgCl, (El)
6.0] 7 HgCl,
5.0—; 15 Hg°
] ] 202
4.0
3.0] Hg? 3 1.0—:
] 202 HgBr .
2.0] 281 ] ] HgCI
] 0.5+ 237
1.0 180
0.0l 190 149 140 100 ||”g45” __ 38 40 0.0 — 136 40
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m/z m/z
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H

R(-eagent Gas: \/C’\z /\c\;
isobutane
m/z+43 & m/z+57 HogoH

* No signal for HgO nor HgSO,
* Weak signal for Hg(NO,),-H,0, but rational ions are absent
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* Hg(NO,),-H,0 salt does not
vield a strong signal when
directly inserted into the

-MS

* When mixed with
acetonitrile, following

Olson et al. (2002), rational

lons are now present

e Mechanism under
investigation

(x10,000)

164
o] Hg(NO;),-H,0
i (no pre-treatment)
1.5
1.0]
05]
ool 199 Al ZJS o8 s
(xjéJ,OOO)
e B7 1 HgNO
2.0] 5 +43?3\3 ’ Hg(NO3)2-H2I0
] + acetonitrile
o - +43 Hg®
] / +57 +57
] ) Hg(NO;),
1 321 » +57
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Next Steps

* |dentify mechanism for Hg(NO;,), +
acetonitrile results

« May be applicable to other Hg"
compounds

* Optimize MS settings for multiple
Hg'! compounds
* Test additional reagent gases (SF)

* Add GC and cryo-trapping
components back to the system

e Pursue atmospheric pressure
chemical ionization mass
spectrometry methods (similar to
Mao & Khalizov 2021 ID-CIMS)
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Goal is to get
comparable
results as the
pure salt (black
curve, top
spectrum).

Acetone removes
secondary pealk,
not ideal.
Methanol seems
to have the least
overall effect on
HgBr,.
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Goal is to get
comparable
results as the
pure salt (black
curve, top
spectrum).

Acetone and
acetonitrile
spectra are very

different than the

salt’s.
Methanol seems
to have the least
overall effect on
HgCl,.
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T Time 2.095 @ Scan# 1671 Inten. 20,805 A
We can see a ]
mixture of both
HgBr2 and HgCl2 .
. )
—MS spectra in e — 3
175 2.00 225 2.50 275 3.00 325 3.50 3.75 4.00 435 450 475
h H < >
t e m |Xt u res . et.000) Base Peak: 79/ 25 277 gélt_é‘[II:}-}:;[E%?I}?DE_methanol_HgBr2_2.qu
E-.IJ—_ 7 17 . 281 - m'z Abs. Inten. Rel. Inten. Scan# [581]
. HgBr, (in methanol) = i . o
. ] = . 19 323 g 4p0 498 | @
Next step will be . TR A A . Mw__m L e e GE
75.0 100.0 125.0 150.0 1750 2000 2250 2500  275.0 3000 3250 350.0 3750 4000 425.0 4500 4750 500.0
d f 000) Base Peak: 61/21,027 ST AL L
to I e ntl y . U(TJEEEDD; 107 I J42 Izg.,* T 367, m'z Abs. Inten. ﬁE‘Fiel T en.
5.0 a5 5 92 .
“ TSN ] HgCl, (in methano
qualifier” ions, : gL, \! '
i LN Ll |||I|| 2-Llw L i 435
. .I 0.0 |: wll L |||I|| Ll :..l L T ! . it :
D d 75.0 100.0 125.0 150.0 175.0 200.0 2250 250.0 275.0 300.0 325.0 350.0 375.0 400.0 4250 450.0 475.0 500.0
simifar to eeas (%1,000) Base Peak: 61/ 23,325 ga%aﬁi %g%ﬁc'?c'5—me*ha“°'—"'gBrz"HgC'2—
7 = T.[0.759]
et a I . (2 O 1 5) to 5.0+ [ 91 107 25 3 75 :(1) | Z 243 7T - m'z 40{1\“- Inten. Rel Inten. Scani [597]
) ] A} 237 15 . - oo | @
- 39
assess which il M e
75.0 100.0 125.0 150.0 175.0 200.0 2251) 250.0 2750 300.0 325.0 350.0 375.0 400.0 4250 450.0 475.0 500.0
H Datad: 20240705_methanol_HaBr2+HagCl2
CO m po u n d (S) IS m'z Abs. Inten. Bas;:elzr;lf“ = E'Té[E'[i”é] B
279 08 _ &00 can# [597
present and at L e
) 0o il R 43 il &
W h at p ro p O rt | O N S . 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 4250 450.0 475.0 500.0
B . Datas: 20240705_methanol_HgBr2+HgCl2_
ase Peak: 61/ 17 397 RT.[C
4;;bs. Inten. Rel. Inten. Scani [597)
. 4T24 499
- o e =

75.0 100.0 125.0 150.0 175.0 2000 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 475.0 500.0



	Slide Number 1
	Motivation: HgII Analytical Method
	Background: Hg-N in Flue Gas by GC-MS
	Background: Hg Halides by APCI-MS
	Background: Gaseous HgII by GC-MS
	Objective: GC-MS Method for HgII Compounds
	Direct Injections to –MS in EI vs CI
	HgII in EI Mode: Halides
	HgII in EI Mode: Other Compounds
	HgII in CI Mode: Halides
	HgII in CI Mode: Other Compounds
	Hg(NO3)2 + Acetonitrile
	Next Steps
	Acknowledgements
	HgBr2 + Solvents
	HgCl2 + Solvents
	HgBr2 + HgCl2 Mixture

