





The lower sulfate and chloride levels allow for a large Using this method, bromate (at the Ipg/L level)
sample volume to be concentrated, which improves the can be measured in a matrix containing as much as
bromate response. The OnGuard-H sample pretreatment 200 mg/L of chloride, carbonate, and sulfate as shown
cartridge is a hydrogen-form cation resin. Its use followed in Figure 5. Figure 6 shows the analysis of an ozdnate
by helium sparging minimizes the carbonate in the sample,drinking water sample spiked withugy/L bromate
which further improves preconcentration efficiency. The
use of the OnGuard-Ag leaches a small amount of silver

from the cartridge into the sample matrix. The accumulation Z',i”_ré

of silver on the analytical column and concentrator calum

will affect column performance over time. The OnGudrd-

cartridge also removes metal ions such as silver. To furthe

avoid metal contamination, a Dionex MetPac Cénliinm us 1
is installed between the two injection valves (see Figure 4)

The MetPac CC-1 metal chelating column not only remove
the silver, but it also removes other metal cations thgt ma
foul the analytical column.

The determination of bromate utilizing this method is 0 1 2 3
a three step process as illustrated in Figures 4a—4c1 Step Minues
loads the sample loop, Step 2 washes the sample ento th
concentrator, Step 3 separates the anions of interest on the
analytical column. Figure 4a illustrates the samplegoein
loaded into the sample loop using an autosampler. During
this first step, the GP40 pumps Eluent A to the AS9-SC
column. After the loop is filled, the DXP Pump is turned KS 1
“ON” and it washes the sample from the sample loop onto
the concentrator column using deionized water (see Figure
4b). The sample loop is then rinsed 2.5 times its volume to
ensure that all of the sample is transfered onto the concen
trator. The concentrator column strongly retains anioni
species such dgomate, chloride, and sulfate. Figure 4c
shows the concentrator column being switched in-line with Figure 5 Bromate in the presence of 200 mg/L of chlaride

. . carbonate, and sulfate.

the lonPac AG9/AS9-SC columns. At this step, the retained o o _
anions are eluted to the analytical column. After the clelorid E.'g‘:g/f of bf,\grr?azgated drinking water sample is spiked with
elution, the remaining anions are purged off the analytica
column using _the purge _eluent. REFERENCES

After purging for 5 minutes, the AG9/AS9-SC columns 1 Haag, W. R.; Hoigne, Environmental Sciefc
are equilibrated with the chromatography eluent fo07-1 and Technology1983 17, 261.
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Peaks: 1. Bromate 0.001 mg/L
2. Chloride 60.0 mg/L
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minutes. The equilibration time is placed at the beginning 2,
of the analysis sequence, during which the sample loop is
being filled and the sample is flushed onto the concentra- 3.
tor column. The total analysis time for this method is 25
minutes. Table 2 lists the bromate MDLs that have been
achieved when preconcentrating raw water samples, ob
tained before and after ozonation.
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Application Note 217

Determination of Haloacetic Acids in Water

Using IC-ESI-MS/MS

INTRODUCTION
This method allows separation and detection of
sub-pug/L levels of nine haloacetic acids (HAAs) in high-
ionic strength matrices. Using this method, the analytes
are separated from chloride, sulfate, nitrate, bromide
and bicarbonate, and detected using a triple quadrupole
mass spectrometer with an electrospray interface.
Quantification is achieved using internal standards.
Haloacetic acids occur in drinking water during the
disinfection process, as a result of the reaction between
chlorine and natural organic materials, such as humic
and fulvic acids."? The iodoacids (e.g. iodoacetic acid)
are much less stable and are not included in this analysis.
When bromide is present in the water, bromoacetic
acids and mixed chloro- and bromoacetic acids can
also be generated. Haloacetic acids have been linked to
possible health threats to human health. Monitoring for
monochloroacetic acid (MCAA), monobromoacetic acid
(MBAA), dichloroacetic acid (DCAA), trichloroacetic acid
(TCAA) and dibromoacetic acid (DBAA) has been in effect
since they were first regulated under the Stage I Disinfection
Byproducts (DBP) Rule, Dec. 16, 1998, with a Minimum
Contamination Level (MCL) set at 60 pg/L. Stage Il DBP
Rule, Jan. 4, 2006, maintained the MCL, but also instituted
minimum reporting limits (MRL) requirements of 2 pg/L
for MCAA and 1 pg/L for the other HAAs. The remaining
four HA As that may be present in drinking water are:
chlorobromoacetic acid (CBAA), chlorodibromoacetic
acid (CDBAA), dichlorobromoacetic acid (DCBAA), and
tribromoacetic acid (TBAA).

The determination of the chloro-, bromo-, and
mixed haloacetic acids in waters destined for human
consumption, including drinking water and swimming
pool water, has been reported using a variety of
analytical techniques.’ USEPA Methods 552.2 and 552.3
use acidic methanol derivatization followed by gas
chromatography with electron capture detection.* This
method is both labor-intensive and time-consuming.
Bruzzoniti® recently published a table summarizing
the existing IC columns and methods used for HAAs
analysis, including this method, which uses the lonPac®
AS24 column. Asami® used offline sample pretreatment
with external standard calibration and MS/MS detection
for calibration of haloacetic acids and oxyhalides, using
perchlorate as an internal standard. Only the method
using the IonPac AS24 method addresses the issue of
high-ionic strength matrices. All the IC methods take
advantage of the low pKa values of HAAs ( ~ 0.7-2.8)
by using anion-exchange separation mode. Hydroxide-
based eluents are used in conjunction with chemical
suppression, so the background signal entering the mass
spectrometer is as low as that of water. When mass
spectrometric detection is used, the matrix ions are
typically diverted to waste during the analytical run to
avoid contamination of the detector. USEPA Method,
332.07 uses the same configuration as discussed in this
paper for the determination of perchlorate in drinking
water; namely, ion chromatography with matrix diversion
and detection using suppressed conductivity followed by
electrospray mass spectrometry. The selectivity of the
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analytical column in a method using matrix diversion
must be designed such that the matrix ions are sufficiently
resolved from target analytes.

Four internal standards are used in our method for the
nine target analytes. These were chosen because they elute
throughout the chromatographic run, thus allowing easy
tracking of close-eluting analytes. Stuber and Reemtsma®
discuss the challenges of quantification using
LC-ESI-MS in the presence of significant matrix effects,
and provide some guidance for using internal standards.
Most of the currently published work describing various
analytical approaches for determination of HAAs,
however, does not adequately address the challenges of
very high-ionic strength matrices, or the need for internal
standards to obtain accurate and precise quantification.

Figure 1 shows the chromatogram of the nine
standards, the two matrix diversion windows, and the
general form of the KOH gradient. The three periods
noted in the figure correspond to three periods for data
collection in the Analyst method program. Figure 2 shows
the general instrumentation schematic.

Column: lonPac AS24 250 x 2mm |.D., AG24 50 x 2 mm

KOH Gradient: 7 mM for 0-18 min then 18 mM for 18-36.5 min,
then 60 mM for 36.6-52 min

Eluent Flow Rate: 0.30 mL/min

Postcolumn Solvent:  100% Acetonitrile at 0.3 mL/min

Suppressor: ASRS® 300, 2 mm, external water mode

Matrix Diversion: 17-22 and 33-41

Sample Volume: 100 pL Loop; 0.8 pL injection valve dead volume

Column Compartment

Temperature: 15°C. Period 3

Re-equilibration

Period 1 Period 2
KOH gradient érlo
3 1. MCAA
7500 2. MBAA
. Br 3. DCAA
6500 - 4. BCAA
NO,
0.z 5. DBAA
5500 3 6. TCAA
_ S0 7.BDCAA
& 4500+ 8 CDBAA
= 3500 5 6 % TBm
8 ! 7

2500
2 8
1500 M\ Br 9
500 A I&
L ]

T T T U I T U 1 1 U U 1
0 5 10 15 20 25 30 35 40 45 50 55 60
Minutes 95675

Figure 1. Chromatogram produced by chromatography condi-
tons and mass spectrometer conditions provided in Table 1. The
shaded areas show the time windows for matrix diversion to waste
and the matrix ions that elute in those windows. The time windows
for data collection in Periods 1, 2, and 3 are indicated.

ASRS 300
Suppressor 1 9
s - -~ —_— {
lonPac AS24 Column Conductivit
Eluent: KOH, 0.3 mL/min cell ! 6 ESI MS/MS

Waste Solvent addition

100% CH4CN, 0.3 mL/min
25676

Figure 2. ICS-3000 system schematic, showing matrix diversion
and mass spectrometric detection.

RECOMMENDED EQUIPMENT
ICS3000 Chromatography System
DP Dual Pump module (or SP and an AXP)

DP1 Analytical Pump

DP2 pump is used to deliver post-suppressor
acetonitrile

DC Dual-Zone Chromatography Module
CD Conductivity Detector

AS Autosampler with sample tray cooling
EG Eluent Generator

Mixing Tee (Upchurch, part number U-466)

Mass Spectrometer
ABI-Sciex (Toronto, Canada) API2000™ Triple

Quadrupole Mass Spectrometer with electrospray

interface capable of negative ion detection, or
equivalent

Nitrogen and Zero Air supplies as specified by MS
manufacturer

25-pin relay cable connecting mass spectrometer to DP
pump module; pins 19 (red) and 7 (black) in the DP
connector

Software
Dionex DCMSLink™ 2.0 software or higher

ABI Sciex Analyst software (version 1.4.2 or higher)
XCalibur 2.0 or higher

Standards
Deionized water: 18 MQ or better

Acetonitrile (HPLC grade)

Analyte standard mix (1000 pg/mL) of the nine native
HAAs; monochloroacetic acid (MCAA),
monobromoacetic acid (MBAA), dichloroacetic

acid (DCAA), trichloroacetic acid (TCAA),
dibromoacetic acid (DBAA), chlorobromoacetic acid
(CBAA), chlorodibromoacetic acid (CDBAA),
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dichlorobromoacetic acid (DCBAA), and tribromoacetic
acid (TBAA) purchased from Restek (P/N31896).

The internal standards from Dionex are: monochloroacetic

CONDITIONS
Chromatography Conditions

Column: TonPac AS24 250 x 2mm 1.D.,
acid-2-13C (1000 pg/mL, P/N 069406), IonPac AG24 50 x 2mm
monobromoacetic acid-1-13C (1000 ug/mL, KOH Gradient: Time KOH (mM)

P/N 069407), dichloroacetic acid-2-13C (1000 pg/mL, 7.0 7

P/N 069408), and trichloroacetic acid-2-13C 0.0 7

(1000 pug/mL, P/N 069409). Standards are dissolved 18.0 7

in methyl tert-butyl ether (MtBE). A working standard 36.5 18

mixture of the four internal standards was prepared 36.6 60

in deionized water. All standard solutions were kept 520 60
refrigerated at 4 °C when not in use. Standards in the Eluent Flow Rate:  0.30 mL/min

2-5 ng/L range are stable for 14 days when stored at o )
4 °C with PTFE/silicone septa. Because the standards are Postcolumn Solvent: 100% Acetonitrile at 0.3 mL/min
purchased in MtBE, which has limited solubility in water Suppressor: ASRS 300 (2 mm) External

(~ 5%), not more than ~ 0.5% of MtBE is added when water mode

making the mixtures, relative to the total water volume. Anion Trap: CR-ATC (2-mm)

Sample Preparation

Samples were collected in amber glass bottles
with PTFE-lined screw caps. Crystalline or granular
ammonium chloride is added to the sample containers to
produce a final concentration of 100 mg/L of ammonium
chloride. The preservation requirements are exactly the

17-22 and 33-41
100 pL sample loop

Matrix Diversion:
Sample Volume:
Column Compartment Temperature: 15 °C
Autosampler Temperature: 8 °C

Detector Compartment Temperature: 30 °C
Mass Spectrometric Conditions: Tables 1-5

same as those described in EPA Method 552.3.

Table 1. API2000 Conditions

Analyte KOH Gradient | Transition Source- Declustering Focusing Collision Entrance Collsion Cell Collision Cell Dwell
Dependent Potential (V) Potential Energy Potential (V) Entrance Exit Potential Time
Parameters (v) (eV) Potential (V) (V) (mSec)
MCAA 92.9/34.9 Curtain 20
MCAA21-13C |, 93/34.9 CAD2 20 300 12 10 12 6 600 each
) | -4
MBAA 0-18mn  [1azEs | peei
MBAA-1-13C 138/78.8 GS1/GS2 90/90 -1 -350 -12 -7 -10 -14 600 each
Dalapon 141/97 -13 -350 -1 -8 -13 -6 500
DCAA gy | a2
: CAD 4 - o d 4 o N
DCAA-2-13C 12 mSMG . 108/84 lonspray 4500 1 320 12 6.5 12 6 500 each
—36.5 min. o
BCAA 1708788 | 1emp475°C -16 -300 -28 -6 14 -8 500
GS1/GS2 90/90
DBAA 214.71170.7 -1 -350 -12 -45 -15 -10 500
TCAA 161/116.9
-6 -290 -7 -7 -13.7 -13.7 400 each
TCAA-2-13C 162/118 Curtain 25
BDCAA 207/81 or CAD 4
gg gﬂ[ﬂsz oo | 7am lonspray -4500 12 -300 -6 -4 15 -14 400
’ Temp 475 °C
CDBAA 207/78.8 GS1/GS2 90/90 -1 -300 -20 -4 -15 -6 400
TBAA 250.75/78.8 15 -350 -28 -5 -12 -12 400
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Table 2. API3200 Conditions

Analyte KOH Gradient | Transition Source- Declustering Collision Entrance Collsion Cell Collision Cell Dwell
Dependent Potential (V) Energy Potential (V) Entrance Exit Potential Time
Parameters (eV) Potential (V) (V) (mSec)
MCAA 92.9/34.9 Curtain 30
MCAA2A3C | CAD 2 -15 -3 -5 -7 -5 600 each
’ | -4
v o= temn 197188 | a0 . 14 7 8 2 15 600 each
R = = - - -1. eac
Sl GS1/GS2 70/70
Dalapon 141/97 =iIt/ £5 £5) =il -1 500
DCAA 127/82.9 urtan 30
— s CAD3 5 3 5 A7 g 500 each
DCAA-2-13C -
) lonspray -4500
18 —36.5 min. T oC
BCAA 170.8/788 | Temp 500 -26 -4 -8 -32 415 500
GS1/GS2 70/70
DBAA 214.7/170.7 -22 -35 -22.8 -18 -15 500
T ot 161/116.9 12 3 5 19 g 400 each
Curtain 30
BDCAA 207/81 or CAD3
0mM | Za70 lonspray -4500 -85 -4 -15.1 -10 A5 400
36.6 —52 min o
Temp 250 °C
CDBAA 207/78.8 GS1/GS2 70/70 12 -3 -16.8 6 -14 400
TBAA 250.75/78.8 -13 -25 -13 -32 -15 400

Table 3. AP14000 Conditions

Analyte KOH Gradient | Transition Source- Declustering Collision Entrance Collision Cell Dwell
Dependent Potential (V) Energy Potential (V) | Exit Potential Time
Parameters (eV) (V) (mSec)
MCAA Curtain 20
MCAA-2-13C 92.9/34.9 CAD 2 -25 -15 -2 -3 600 each
U0 lonspray -4000
ue p-emn 137/78.8 Tem|:[))53(] °C 25 15 2 3 600 each
! 4 - 3 - eac
MBAA-1-13C GS1/652 50/50
Dalapon 141/97 -33 -15 -4 -13 500
— Curtain 20
CAD 8 - o 4 N
DCAA-13C | 18mM 127/82.9 onspray 4300 43 31 5 2 500 each
18 —36.5 min. o
BCAA 1708788 | Temp 500 °C -31 A7 5 -9 500
GS1/GS2 50/50
DBAA 214.7170.7 -21 -11 -4 -5 500
TCAA
TCAA-213C 161/116.9 Curtain 20 -35 -22 -45 -12 400 each
CAD 10
BDCAA 60 mM 206.8/81 lonspray -4200 -35 -22 -45 -12 400
36.6 — 52 min o
CDBAA 206.8/81 Temp 250 °C -35 22 45 12 400
GS1/GS2 50/50
TBAA 250.9/78.8 -30 -34 -4 -12 400
192
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Table 4. Thermo Quantum Access Gonditions

Analyte Q1/a3 CE Tube Lens Cap Temp (°C) | Sheath Gas/Aux lon Sweep Skimmer Offset Scan Time/
Gas ()] Section (s)

MCAA 93/35.6

MCAA-2-13C 94/35.6 10 26 270 40115 0.1 0 1.25

MBAA 137/79.1

W 58791 12 33 270 4015 0.1 0 125

DCAA 127/83.2

DCAA-2-13C 128/84 11 26 270 40/15 0.1 0 1.25

DBAA 214.8/79.2 24 33 270 40/15 0.1 0 125

BCAA 171/79.2 35 44 270 40115 0.1 0 1.25

TCAA 161.1/117.1

TCAA-2-13C 162/118 10 69 270 40115 0.1 0 16

BDCAA 79/79 15 30 270 40115 0.1 0 16

CDBAA 206.7/79.1 15 30 270 40/15 0.1 0 2.5

TBAA 250.7/79.1 25 26 270 40/15 0.1 0 25

Table 5. Waters Quattro Premier Parameters

Analyte Transition | Dwell | Cone, | Extractor/RF | Collision Energy,
(sec) v Lens/Source v
Block Temp
(V/V/aC)

MCAA 92/35 1.0
MCAA-2-13C 93/93 05 i€ AR J
MBAA
MBAA-1-13C 136.9/78.9 0.5 15 -3/-0.5/120 10
DAL 140.9/97 0.5 18 -3/-0.5/120 8
DCAA
DCAA-2-13C 126.9/83 0.5 17 -3/-0.5/120 10
BCAA 172.9/128.9 0.5 17 -3/-0.5/120 10
DBAA 216.8/172.84 0.5 18 -3/-0.5/120 12
TCAA 160.9/116.9 0.5
TCAA2-13c | 162971189 | o5 | 18 | M08 9
BDCAA 162.9/80.9 1.0 25 -3/-0.5/120 10
CDBAA 206.8/78.9 1.0 28 -3/-0.5/120 10
TBAA 250.8/78.9 1.0 28 -3/-0.5/120 12

Other Conditions:

Desolvation Gas: 350 °C @ 940 L/hr

Capillary: -2.8V

Collision Pressure: 5.5 x 1023 (0.15 flow @ 7 psig)

Cone Flow: 100 L/hr,

ACN Flow Rate: 0.2 mL/min
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RESULTS AND DISCUSSION OF THE METHOD
Separation

One of the most important features of this method
is the ability to quantify the HAAs in the presence of
matrices of high-ionic strength. Initially, the separation
was achieved using the lonPac AS20 (250 x 2 mm L.D.,
78 uEqg/column). Reduced peak height, lower peak
efficiencies, and shifting retention times were observed
when the matrix composition exceeded 100 mg/L chloride
and sulfate. The TonPac AS24 column (250 x 2 mm [.D.)
140 pEg/column provides approximately twice the anion-
exchange capacity as the AS20.9 This improved capacity
is required for this application, where the concentration of
common matrix ions can be as high as 250 mg/L chloride,
250 mg/L sulfate, 150 mg/L bicarbonate, and 30 mg/L
nitrate. The high capacity of the column insures that the
ion-exchange sites are not consumed with matrix ions
during the separation.

Figure 1 shows separation of nine HAA standards
and the time windows for the common matrix ions. The
common ions shown are separated from the HAAs, and
this separation allows time for the diversion of these ions
to waste using a three-way valve before they can enter the
mass spectrometer.
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Solvent Addition

Addition of 0.3 mL/min of 100% acetonitrile after
the IC suppressor and before the ESI inlet improves
sensitivity from twofold to 10-fold depending on the
analyte and condition of the mass spectrometer. The flow
of solvent to the mass spectrometer continues during
matrix diversion for stability of the electrospray.

Temperature

The retention times for the HAAs increase as column
temperature increases. In addition, some of the HAAs—
most notably the brominated species—are less stable
at higher temperatures and high pH. The autosampler
temperature was set to 8 °C and the column compartment
temperature to 15 °C to maximumize analyte and internal
standard stability and retention time reproducibility. In
addition, stable retention times are critical to maintain the
times for the matrix diversion windows.

The ESI source temperature was optimized for
maximum sensitivity of all analytes. With this method,
trisubstituted HA As are more susceptible to source
temperature changes, and the best sensitivity was
achieved at the minimum temperature needed for
desolvation in the electrospray interface.

Matrix Diversion

The IonPac AS24 column manual contains a
procedure for setting the correct matrix diversion window
times and method parameters.

Internal Standards and Calibration

As is common, the ratios of peak areas for analytes
and internal standards versus analyte concentration are
used to produce the calibration plots. Internal standards
were chosen that elute in each of the three sections of the
gradient method due to changes in the background and
eluent composition over the course of the run. Several
choices for Multiple Reaction Monitoring (MRM)
transitions were available due to the presence of Cl and
Br isotopes. MCAA-2-13C (m/z 94 > 35), MBAA-1-13C
(m/z 138 >79), DCAA-2-13C '(m/z 128 > 84),
and TCAA-2-13C 13C (m/z 162 > 118) were chosen
because they exhibited low background and good
sensitivity. Other choices may be appropriate depending
on sample matrix.

Referring to Figure 1, Period 1 uses 7 mM KOH
eluent and the analytes are MCAA and MBAA. Chloride
elutes at the end of this region, so a matrix diversion
window separates this first section of the gradient from the
second section. The brominated acetic acids—especially
MBA A-are known to be susceptible to decomposition at
elevated temperature and pH, so stable-labeled MBAA-1-
13C is used for accurate tracking of the MBAA analyte.
MCAA-2-13C is also used as an internal standard in the
first section of the chromatogram for the quantification of
MCAA. The stable-labeled internal standard for Period 2
of the gradient is DCAA-2-13C. In this section, the KOH
concentration ramps to 18 mM and the analytes are the
dihaloacetic acids, including DCAA, BCAA, and DBAA.
Period 2 ends with the diversion of sulfate, nitrate,
bromide, and bicarbonate to waste. The concentration
of KOH eluent is increased to 60 mM in Period 3 of the
gradient and the trihaloacetic acids TCAA, BDCAA,
DBCAA and TBAA elute. The internal standard for this
section is TCAA-2-13C.

The system was calibrated using a mixture of
nine haloacetic acids at levels of 0.25, 1.0, 2.5, 5.0, 10.0,
and 20.0 pg/L, with the four isotopically labeled internal
standards at 3.0 pg/L added to each sample and standard.
A relative response ratio was generated to produce the
calibration plots. A linear fit was used with 1/x weighting.
Correlation coefficients in deionized water were 0.998
or better.

Precursor and Product lons

Precursor ions are generally the result of
deprotonation (M-H) of the organic acid. Because the
target species all have halide substituents, there are
multiple choices for possible transitions. The specific
transitions are: MCAA (92.9 > 34.9), MBAA
(137> 78.8), DCAA (127 > 82.9), BCAA
(170.8 > 78.7), DBAA (214.7>170.7), TCAA
(161 >116.9), BDCAA (207 > 81 or 79 > 79), CDBAA
(207 > 78.8), and TBAA (250.7 > 78.8). The trivalent
compounds BDCAA and CDBAA are difficult to
optimize, and BDCAA often fragments to m/z 79 in Q1,
so the best sensitivity can usually be found at 79 > 79,
although other transitions can be used if they provide
adequate sensitivity. The MS/MS voltages are relatively
low, suggesting the general fragility of these analytes.
Tables 1-5 provide working conditions for five different
mass spectrometers tested with this method.
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Analytical Results

Table 6 shows linearity in deionized water and a
matrix composed of 250 mg/L chloride, 250 mg/L sulfate,
30 mg/L nitrate, and 150 mg/L bicarbonate. The fitting
method was linear with 1/x weighting using Analyst
software. At the maximum matrix concentrations
(250 mg/L chloride, 250 mg/L sulfate, 150 mg/L
bicarbonate and 30 mg/L nitrate) linear range is
0.5-10 ug/L with 2 = 0.997 or better. Minimum detection
limits (MDLs) were calculated using the Student’s 7-test
calculation with seven injections. The MDL values were
0.1-1.0 pug/L for the nine HAAs in the high-level matrix.
DCAA showed the highest sensitivity, and the trivalent
mixed acids BDCAA and CDBAA showed the
least sensitivity.

Calibration check standards (CCS) were placed
in each sequence at approximately every 10 sample
injections at levels of 0.5 and 5.0 pg/L, and at the end of
every sequence. The recovery of each CCS was
95-105% in every instance. In addition, the sample was
spiked with 2.5 pg/L of the native calibration mixture to
calculate percent recovery.

Figure 3 shows the extracted ion currents for
Periods 1 and 2, and Figure 4 shows the extracted ion
current for Period 3 from a water sample with high-
ionic strength. This sample is from within the pressure
zone of a southwest public water utility whose source is
primarily surface water. The chloride concentration of
the sample was 170 mg/L and the sulfate concentration
was 215 mg/L. Concentrations were determined by

ion chromatography, and the sample was not diluted
before analysis. The monosubstituted and disubstituted
halogenated analytes found in Period 1 and 2 are: MCAA
(1.2 pg/L), MBAA (0.8 png/L), DCAA (6.1 png/L), BCAA
(5.8 ug/L), and DBAA (2.9 pg/L). Figure 4 includes the
trisubstituted HA As for the sample. The analytes found in
this sample are: TCAA (1.6 pg/L), BDCAA (4.3 pg/L),
CDBAA (3.8 pg/L), andTBAA (0.7 pg/L) (See Table 7).
These chromatograms were processed using Gaussian
smoothing for 10 cycles. Some analytes can be found

at several MRM transitions. Analytes that are seen on
two MRM transitions used in the method are indicated
with arrows. These results were compared to amounts
quantified using Method 552.2 and amounts range from
65-130% of that method. (See Table 8).

Figure 4B shows the brominated species in the
sample which experienced some degradation in Q1. An
unidentified brominated compound elutes just prior to
TCAA in the sample; this explains the sharp front on the
TCAA peak. The 251 > 79 transistion is the most sensitive
for quantification of CDBAA, although, with optimized
tuning, monitoring mass 79 (79 > 79) and transistion m/z
207 > 81 was useful. The m/z 207 ion is the nominal mass
for BDCAA and the decarboxylated CDBAA. As the
number of bromide substitutions increases, the parent ion
becomes less stable. The MRM for TBAA is m/z 251 > 79
where the m/z 251 ion is the result of decarboxylation of
the parent ion. With the isotopes and the presence of the
multiple halogens, there are several possibilities for
MRM transitions.

Table 6. Linearity and MDL in Deionized Water and Matrix

Analyte ISTD R2 MDL pg/L/%RSD DI water MDL pg/L/%RSD
5 pg/L (Calibration Range 0.250-20 (n=7, 1 pg/L) (n=7, 1 pg/L) In Matrix
Hg/L)
DIW/Matrix
MCAA MCAA-1-13C 0.9997/0.9989 0.51/3.5 0.44/14.7
MBAA MBAA-1-13C 0.9999/0.9990 0.08/3.6 0.13/4.2
DCAA DCAA-2-13C 0.9999/0.9991 0.39/2.0 0.10/3.3
BCAA DCAA-2-13C 0.9999/0.9992 0.20/0.8 0.10/0.8
DBAA DCAA-2-13C 0.9999/0.9993 0.16/5.5 0.33/10.8
TCAA TCAA-2-13C 0.9999/0.9993 0.24/0.5 0.09/0.3
BDCAA TCAA-2-13C 0.9991/0.9991 0.26/5.0 0.64/18.9
CDBAA TCAA-2-13C 0.9992/0.9994 0.38/5.5 0.52/16.4
TBAA TCAA-2-13C 0.9994/0.9998 0.26/9.2 0.36/9.9
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Table 7. Summary of IC-ESI-MS/MS Analytical Results for Real Samples

Sample CI-s0,> MCAA MBAA DCAA BCAA DBAA TCAA BDCAA* CDBAA TBAA
(mg/L) IC/MSMS IC/MSMS IC/MSMS IC/MSMS IC/MSMS IC/MSMS IC/MSMS IC/MSMS IC/MSMS
(g/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ngL) (ng/L)
%Spike Rec | %Spike Rec | %Spike Rec | %Spike Rec | %Spike Rec | %Spike Rec | %Spike Rec | %Spike Rec | %Spike Rec
Treated Reservoir Water 163 11 1.08 15.1 85 372 5.85 713 475 1.07
243 93% 103% 72% 76% 84% 80% 104% 92% 106%
Sample M 93 2.31 1.16 15.0 94 4.40 6.2 749 512 119
237 118% 106% 56% 65% 80% 70% 99% 72% 125%
Sample 0 170 121 0.82 6.11 5.83 293 159 427 3.85 0.76
215 116% 105% 96% 94% 98% 91% 92% 100% 95%
Tahle 8. Summary of Method 552.2 Results for Real Samples
Sample CI~-80,* MCAA MBAA DCAA BCAA DBAA TCAA BDCAA CDBAA TBAA
(mg/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
552.2 552.2 552.2 552.2 552.2 552.2 552.2 552.2 552.2
%Rec %Rec %Rec %Rec %Rec %Rec %Rec %Rec %Rec
Treated Reservoir Water 163 1.31 0.95 17.33 10.53 474 7.81 7.75 6.39 Na
243 85% 113% 87% 81% 78% 75% 104% 74%
Sample M 93 212 0.89 16.33 9.86 444 7.09 7.03 6.03 Na
237 109% 130% 92% 95% 100% 87% 106% 85%
Sample 0 170 133 0.64 6.23 6.54 3.43 224 432 595 Na
215 91% 128% 98% 89% 85% 1% 99% 65%
1.0365 DCAA
C
= Period 2, 127.0>82.9 amu
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Period 1, 92.9534.9 amu 8
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Figure 3. Extracted ion currents for Periods 1 and 2 for the treated water reservoir sample. A, monochloroacetic acid, 1.2 ug/L found;
B, monobromoacetic acid, 0.82 ug/L found; C, dichloroacetic acid, 6.1 ug/L found,; D, bromochloroacetic acid, 5.8 ug/L found;
E, dibromo-acetic acid, 2.9 ug/L found. MRMs are as indicated. For conditions, see Figure 1.
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Figure 4 shows the extracted ion chromatograms for the indicated
transistions of a water sample with high-ionic strength. A,

1.6 ug/L trichloroacetic acid found, B, bromide fragments, C,

4.3 ug/L bromodichloroacetic acid found; D, 3.8 ug/L chlorodi-
bromoacetic acid and 0.7 ug/L tribromoacetic acid found

Conclusion

This application note describes a method for
the determination of haloacetic acids without sample
preparation. Using IC-MS/MS with the RFIC™ system
and matrix diversion, this method provides sub-pg/L
level detection of nine haloacetic acid compounds with
direct injection of a sample with high-ionic strength.
The parameters used in this method were used in the
development of EPA method 557 for determination of
haloacetic acids, bromide, and Dalapon, a general-use
pesticide.
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Column Selection Guide

Silica Columns

General Applications

Specific Applications

Neutral Molecules

Anionic
Molecules

Cationic
Molecules

Amphoteric/
Zwitterionic
Molecules

Mixtures of
Neutral, Anionic,
Cationic
Molecules

Surfactants

Organic Acids

Environmental
Contaminants

Vitamins

Pharmacutical
Counterions

High hydrophobicity
Intermediate hydrophobicity
Low hydrophabicity

High hydrophobicity
Intermediate hydrophobicity
Low hydrophobicity

High hydrophobicity
Intermediate hydrophobicity
Low hydrophabicity

High hydrophobicity
Intermediate hydrophobicity
Low hydrophobicity
Neutrals and acids

Neutrals and bases

Acids and bases

Neutrals, acids, and bases
Anionic

Cationic

Nonionic

Amphoteric

Hydrotropes

Surfactant blends
Hydrophobic

Hydrophilic

Explosives

Carbonyl compounds
Phenols
Chlorinated/Phenoxy acids
Triazines

Nitrosamines

Benzidines

Perfluorinated acids
Microcystins

Isocyanates

Carbamate insecticides
Water-soluble vitamins
Fat-soluble vitamins

Anions

Cations

Mixture of Anions and Cations

APl and counterions

Reversed-Phase (RP)

< < 2 2 <= Acclam120C18

2. 2 2 2 2
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< = Acclaim 120 C8
< = Acclaim300C18

<~ = 2 2 2 2 2 2 2 2 2 2 2 2 2 =2 2 NAcglaim Polar Advantage (PA)

e

< = <= <= = Acclaim Polar Advantage Il (PA2)

R N

< = Acclaim Phenyl-1

Mixed-Mode HILIC

< = Acclaim Trinity P1

R N

P

< <= Acclaim Mixed-Mode WAX-1
< = Acclaim Mixed-Mode WCX-1

2. 2 2 2

2 2 2 2 2 2

2 2 2 2 2 2 2 2 = <= Aclaim Mixed-Mode HILIC-1

< Acclaim HILIC-10

Application-Specific

Acclaim Organic Acid

Acclaim Surfactant

2 2 2 2 2 2

Acclaim Explosives E1

Acclaim Explosives E2

Acclaim Carbamate

Example Applications

Fat-soluble vitamins, PAHSs, glycerides
Steroids, phthalates, phenolics
Acetaminophen, urea, polyethylene glycols
NSAIDs, phospholipids

Asprin, alkyl acids, aromatic acids

Small organic acids, e.g. acetic acids
Antidepressants

Beta blockers, benzidines, alkaloids
Antacids, pseudoephedrine, amino sugars
Phospholipids

Amphoteric surfactants, peptides

Amino acids, aspartame, small peptides
Artificial sweeteners

Cough syrup

Drug active ingredient with counterion
Combination pain relievers

SDS, LAS, laureth sulfates

Quats, benzylalkonium in medicines

Triton X-100 in washing tank
Cocoamidopropy! betaine
Xylenesulfonates in handsoap

Noionic and anionic surfactants

Aromatic acids, fatty acids

Organic acids in soft drinks, pharmaceuticals
U.S. EPA Method 8330, 8330B

U.S. EPA 1667, 555, 0T-11, CA CARB 1004
Compounds regulated by U.S. EPA 604
U.S. EPA Method 555

Compounds regulated by U.S. EPA 619
Compounds regulated by U.S. EPA 8270
U.S. EPA Method 605

Dionex TN73

150 20179

U.S. OSHA Methods 42, 47

U.S. EPA Method 531.2

Vitamins in dietary supplements

Vitamin pills

Inorgaic anions and organic acids in drugs
Inorgaic cations and organic bases in drugs
Screening of pharmaceutical counterions

Naproxen Na* salt, metformin Clsalt, etc.
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Polymer
Columns

Inarganic Anions
Oxyhalides

Bromate

Perchlorate

Organic Acids
Phosphoric/Citric Acids
Poly/High-Valence Anions

ANIONS

Hydrophobic Anions
Hydrophobic/Halogenated Anions
Anionic Neutral Molecules
Inorganic Cations
Sodium/Ammonium
Amines/Polyvalent Amines
Aliphatic/Aromatic Amines

Alkanol/Ethhanolamines

CATIONS

Biogenic Amines
Transition/Lanthanide Metals
Hydrophobic Cations

Cationic Neutral Molecules
Amino Acids

Phosphorylated Amino Acids
Amino Sugars

Oligosccharides
Mono-/Di-Saccharides
Glycoproteins

Alditols/Aldoses mono/di Saccharides
ds Nucleic Acids

Single-Stranded Oligonucleotides

BIO-MOLECULES

Peptides

Proteins

Metal-binding Proteins
Monoclonal antibodies

Aliphatic Organic Acids

Alcohols

Borate

Large Molecules, Anions

Small Molecules

Small Molecules/LC-MS
Polar/Non-Polar Small Molecules
Hydrophobic/Aliphatic Organic Acids
Surfactant Formulations
Explosives/EPA 8330

Anion Exchange / Carbonate

ORGANIC MOLECULES

Anion Exchange / Hydroxide
Cation Exchange
Multi-Mode

Affinity

lon Exclusion

MODE

Reversed Phase

Anion Exchange/Other
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CarboPac PA200

CarboPac PA100

CarboPac PA20

CarboPac PA10

CarboPac PA1

CarboPac MA1

DNAPac PA200

DNAPac PA100

ProPac WAX/SAX

ProPac WCX/SCX

ProPac IMAC

ProPac HIC

ProPac PA1

ProSwift

lonPac ICE-AS6

lonPac ICE-AS1

lonPac ICE-Borate

lonPac NS1
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Column Specifications

IC Anion Columns

5 =
7] = =
Primary L | = £ E £ £ = =
Column Format Application o & B A = = = =
Eluent S @ 5 5 % 3 = <)
5 E 2 & 3 17 = S
52 S5 92 2 S 5 z =2
aaoan & S S = Z T
lonPac 2 x 250 mm | Hydroxide | Recommended column for haloacetic | 7 pm 55% - - 140 peq Alkanol Ultralow
AS24 acids prior to MS or MS/MS quaternary
detection ammonium
lonPac 2x250mm | Carbonate | Recommended column for inorganic 6 pm 55% - - 80 peq Alkyl quaternary | Ultralow
AS23 4% 250 mm _anions gnd oxyhalides. Trace bromate 320 pieq ammonium
in drinking water.
lonPac 2x250mm | Carbonate | Recommended column for fast 6.5pm | 55% - - 52.5 peq Alkyl quaternary | Ultralow
AS22 4% 250 mm analysis of common inorganic anions. 210 peq ammonium
lonPac 2x250mm | Hydroxide | Recommended column for trace 70pm | 55% - - 45 peq Alkanol Ultralow
AS21 perchlorate prior to MS or MS/MS quaternary
detection ammonium
lonPac 2x250mm | Hydroxide | Recommended column for trace 75pum | 55% - - 77.5 peq Alkanol Ultralow
AS20 4% 250 mm perchlor_at_e prior to suppressed 310 ieq quaternary
conductivity detection. ammonium
lonPac 2x250mm | Hydroxide | Recommended column for inorganic 75pum | 55% - - 60 peq Alkanol Low
AS19 4% 250 mm _anions and oxyhalides. Trace bromate 350 pieq quaternary
in drinking water. ammonium
lonPac 2x250mm | Hydroxide | Recommended column for the 75pum | 55% 65 8% | 75peq Alkanol Low
AS18 4% 250 mm analysis of common inorganic anions. nm 285 ieq quaternary
ammonium
lonPac 2x250mm | Hydroxide | Trace anions in HPW matrices. 10.5 55% 75 6% | 7.5peq Alkanol Low
AS17-C 4% 250 mm Carboxylatgd resin, no suh‘a’;e blank. pm nm 30 peg quaternary
Low capacity for fast analysis of ammonium
common inorganic anions using
gradient elution with the Eluent
Generator.
lonPac 2x250mm | Hydroxide | High capacity for hydrophobic 9pum 55% 80 1% | 42.5peq Alkanol Ultralow
AS16 4% 250 mm anions including iodide, thiocyanate, nm 170 pegq quaternary
thiosulfate, and perchlorate. ammonium
Polyvalent anions including:
polyphosphates and polycarboxylates
lonPac 2x250 mm | Hydroxide | High capacity for trace analysis of 9um 55% - 56.25 peq Alkanol Medium-
AS15 4% 250 mm inorganic anions and low molecular 225 peq quaternary High
weight organic acids in high purity ammonium
water matrices.
lonPac 3x 150 mm | Hydroxide | Fast run, high capacity for trace 5pum 55% - 70 peq Alkanol Medium-
AS15- analysis of inorganic anions and low quaternary High
5mm molecular weight organic acids in ammonium
high purity water matrices.
lonPac 3x 150 mm | Carbonate | Recommended column for fast 5um 55% - - 40 ueq Alkyl quaternary | Medium
AS14A- analysis of common inorganic anions. ammonium
5pm
lonPac 4x 250 mm | Carbonate | For analysis of common inorganic 7ym 55% - - 120 peq Alkyl quaternary | Medium
AS14A anions. ammonium
lonPac 2x250mm | Carbonate | Moderate capacity for fast analysis of | 9 pm 55% - - 16 peq Alkyl quaternary | Medium-
AS14 4% 250 mm comman inorganic anions. 65 eq ammonium High
202 Column Selection Guide and Specifications

IC Anion Columns

8 Z
. o @ o = 2
Primary . om | OE £ = = rs)
Column Format Application o &8 B8 £ =2 = gz =2 S =
Eluent s B® 5 = = o 3 = s
= = 17} x (35} o pusl
Es <58 & S 28 < =
a o nh S S S o = i EE
lonPac 2x200mm | Carbonate | Moderate capacity for analysis of 9um 55% 140 | 0.20% | 13 peq Alkyl quaternary | Medium
AS1ZA | 44200 mm inorganic a_nions and oxyhe_llidgs. nm 52 peq ammonium
Trace chloride and sulfate in high
carbonate matrices.
lonPac 2x250mm | Hydroxide | High capacity for the determination of | 9 pm 55% 70 6% | 72.5 peq Alkanol Medium-
AS11-HC 4% 250 mm organic acids and inorganic anions in nm 290 peq quaternary Low
uncharacterized samples. ammonium
lonPac 2x250mm | Hydroxide | Low capacity for fast profiling of 13 um 55% 85 6% | 11 peq Alkanol Very Low
AST organic acids and inorganic anions in nm 45 peq quaternary
4 x 250 mm . )
well-characterized samples. ammonium
lonPac 2x250mm | Hydroxide | High capacity for the analysis of 85um | 55% 65 5% | 42.5 peq Alkyl quaternary | Low
AS10 4% 250 mm in_orga_nic anions and organic acids in nm 170 peq ammonium
high nitrate samples.
lonPac 2x250mm | Carbonate | High-capacity column for inorganic 9um 55% 90 18% | 48 peq Alkyl quaternary | Medium-
AS9-HC anions and oxyhalides. Trace bromate nm 190 peq ammonium Low
4 x 250 mm T
in drinking water.
lonPac 4 x250mm | Carbonate | Low capacity for fast analysis of 13 ym 55% 110 20% | 30-35 peq Alkyl quaternary | Medium-
AS9-SC inorganic anions and oxyhalides. nm ammonium Low
Specified column in US EPA Method
300.0 (B).
lonPac 2x250mm | Carbonate | Low capacity for fast analysis of 13 um 55% 160 | 0.50% | 5peq Alkanol Medium-
AS4A-SC common inorganic anions. Specified nm quaternary Low
4 %250 20
xconmm column in U.S. EPA Method 300.0 (A). hed ammonium
lonPac 3x250 mm | Hydroxide | Recommended column for phosphoric | 7.5um [ 55% - - 55 peq Alkanol Ultralow
Fast and citric acids in cola soft drinks. quaternary
Anion ammonium
1A
lonPac 4x250 mm | Specialty Polyvalent anions including chelating | 10 pm 2% 530 5% | 100 peq Alkyl quaternary | Medium-
AS7 Eluents agents, polyphosphates and nm ammonium High
polyphasphonates. Cyanide, sulfide,
hexavalent chromium, and arsenic
speciation.
lonPac 4x150 mm | Hydroxide | Low capacity for fast profiling of 5um 2% 60 4% | 35 peq Alkanol Low
ASHA organic acids and inorganic anions in nm quaternary
well-characterized samples. ammonium
lonPac 4 x250mm | Hydroxide | Metal-EDTA complexes, metal- 15 um 2% 120 1% | 20 peq Alkanol Low
AS5 cyanide complexes, and oxyanions. nm quaternary
ammonium
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IC Cation Columns
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lonPac 2 %250 mm MSA Recommended column for polar 6 um 55% - - 0.29 peq Carboxylic Medium
CS18 amines (alkanolamines and acid
methylamines) and moderately
hydrophabic and polyvalent
amines (biogenic and diamines).
Nonsuppressed mode when
extended calibration linearity for
ammonium and weak bases is
required
lonPac 2 %250 mm MSA Recommended column for 7um 55% - - 0.363 peq Carboxylic Very Low
CS17 4% 250 mm hy_drophobic gnd polyvallent‘ amines 1.45 peq acid
(biogenic amines and diamines)
lonPac 3x 250 mm MSA Recommended column for disparate | 5pm 55% - - 3.0 peq Carboxylic Medium
CS16 5 % 250 mm cont_:entratjon ratios of adja_cent— 8.4 peq acid
eluting cations such as sodium
and ammonium. Can be used for
alkylamines and alkanolamines.
lonPac 2 %250 mm MSA Disparate concentration ratios 85pm | 55% - - 0.7 peq Carboxylic Medium
CS15 of ammonium and sodium. Trace 2.8 peq acid/
4% 250 mm e i .
ethanolamine in high-ammonium phosphonic
or high- potassium concentrations. acid/ crown
Alkanolamines. ether
lonPac 2 %250 mm MSA Aliphatic amines, aromatic amines, | 85pm | 55% - - 0.325 peq Carboxylic Low
CS14 4% 250 mm and polyamines plus mono- and 1.3 peq acid
divalent cations.
lonPac 2% 100 mm MSA IC-MS screening column for fast 85um | 55% - - 0.28 peq Carboxylic Medium
CS12A- elution and low flow rates required acid/
MS for interfacing with IC-MS phosphonic
acid
lonPac 3x 150 mm MSA Recommended column for high 5um 55% - - 0.94 peq Carboxylic Medium
CS12A- efficiency and fast analysis (3 min) acid/
5um of mono- and divalent cations. phosphanic
acid
lonPac 2 %250 mm MSA Recommended column for the 85um | 55% - - 0.7 peq Carboxylic Medium
CS12A separation of mono- and divalent 2.8 yeq acid/
4% 250 mm : . .
cations. Manganese morpholine, phosphonic
alkylamines, and aromatic amines. acid
lonPac | 2x 250 mm HCl + DAP | Separation of mono- and divalent 8 um 55% | 200nm [ 5% ] 0.035peq Sulfonic acid | Medium
CS11 cations. Ethanolamines if divalent
cations are not present.
lonPac 4 x 250 mm HCI + DAP | Separation of mono- and divalent 85pum | 55% |200nm | 5% |0.08peq Sulfonic acid | Medium
CS10 cations.
lonPac | 2x250mm | Pyridine Recommended column for transition | 9pm | 55% | 140nm [ 10% | 0.02 peq/ Sulfonic -
CS5A 4% 250 mm diqarboxylic and Iz_anthanide mgtals analysis. 75mm | 20% 0.005 peq acid/ alkanol
acid Aluminum analysis. 0.04 peq/ quaternary
0.01 ueq ammonium
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EIDI0NEX

Technical Note 75

Easy Method Transfer from HPLC to RSLC
with the Dionex Method Speed-Up Calculator

INTRODUCTION

The goal of every chromatographic optimization is
a method that sufficiently resolves all peaks of interest
in as short a time as possible. The evolution of packing
materials and instrument performance has extended
chromatographic separations to new limits: ultrahigh-
performance liquid chromatography (UHPLC).

The new Dionex UltiMate® 3000 Rapid Separation
LC (RSLC) system is ideal for ultrafast, high-resolution
LC. The RSLC system was designed for ultrafast
separations with flow rates up to 5 mL/min at pressures
up to 800 bar (11,600 psi) for the entire flow-rate range.
This industry-leading flow-pressure footprint ensures
the highest flexibility possible; from conventional to
ultrahigh-resolution to ultrahigh-speed methods. The
RSLC system, with autosampler cycle times of only
15 seconds, oven temperatures up to 110 °C, and data

collection rates up to 100 Hz (even when acquiring
UV-Vis spectra), sets the standard for UHPLC
performance. Acclaim® RSLC columns with a 2.2 pm
particle size complete the RSLC dimension.

A successful transfer from an HPLC method
to an RSLC method requires recalculation of
the chromatographic parameters. Underlying
chromatographic principles have to be considered to find
the appropriate parameters for a method transfer. With
the Method Speed-up Calculator, Dionex offers an
electronic tool that streamlines the process of optimum
method transfer. This technical note describes the
theory behind the Method Speed-Up Calculator and
the application of this interactive, multi-language tool,
illustrated with an exemplary method transfer from a
conventional LC separation to an RSLC separation. You
may obtain a copy of this calculator from your Dionex
representative.
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METHOD SPEED-UP STRATEGY

The purpose of method speed-up is to achieve

sufficient resolution in the shortest possible time.

The strategy is to maintain the resolving power of

the application by using shorter columns packed with
smaller particles. The theory for this approach is based
on chromatographic mechanisms, found in almost every
chromatography text book. The following fundamental
chromatographic equations are applied by the Method
Speed-Up Calculator for the method transfer from
conventional to ultrafast methods.

The separation efficiency of a method is stated by the
peak capacity P, which describes the number of peaks that
can be resolved in a given time period. The peak capacity
is defined by the run time divided by the average peak
width. Hence, a small peak width is essential for a fast
method with high separation efficiency. The peak width
is proportional to the inverse square root of the number of
theoretical plates N generated by the column. Taking into
account the length of the column, its efficiency can also be
expressed by the height equivalent to a theoretical plate H.
The relationship between plate height H and plate number
N of a column with the length L is given by Formula 1.

Formulal: N =£
H

Low height equivalents will therefore generate a high
number of theoretical plates, and hence small peak width
for high peak capacity is gained. Which factors define H?
For an answer, the processes inside the column have to
be considered, which are expressed by the Van Deemter
equation (Formula 2).

Formula2: H=A +E +C-u
u

The Eddy diffusion A describes the mobile phase
movement along different random paths through the
stationary phase, resulting in broadening of the analyte
band. The longitudinal diffusion of the analyte against the
flow rate is expressed by the term B. Term C describes
the resistance of the analyte to mass transfer into the
pores of the stationary phase. This results in higher band
broadening with increasing velocity of the mobile phase.
The well-known Van Deemter plots of plate height H
against the linear velocity of the mobile phase are useful

in determining the optimum mobile phase flow rate for
highest column efficiency with lowest plate heights. A
simplification of the Van Deemter equation, according to
Halész' (Formula 3), describes the relationship between
column efficiency (expressed in plate height H), particle
size dp (in um) and velocity of mobile phase u (in mm/s):

2

6
Formula3: H =2-d, +—+—
u 20

R

The plots of plate height H against velocity u
depending on the particle sizes dp of the stationary phase
(see Figure 1, top) demonstrate visually the key function
of small particle sizes in the method speed-up strategy:
The smaller the particles, the smaller the plate height and
therefore the better the separation efficiency. An efficiency
equivalent to larger particle columns can be achieved by
using shorter columns and therefore shorter run times.

Another benefit with use of smaller particles is shown
for the 2 um particles in Figure 1: Due to improved mass
transfer with small particle packings, further acceleration
of mobile phases beyond the optimal flow rate with
minimal change in the plate height is possible.

Optimum flow rates and minimum achievable plate
heights can be calculated by setting the first derivative of
the Haldsz equation to zero. The optimal linear velocity
(in mm/s) is then calculated by Formula 4.

E 4w = B _10.95
ormula 4: u,, c-d

P

The minimum achievable plate height as a function
of particle size is calculated by insertion of Formula 4 in
Formula 3, resulting in Formula 5.

Formula5: H,, =3-d,

Chromatographers typically prefer resolution over
theoretical plates as a measure of the separation quality.
The achievable resolution R of a method is directly
proportional to the square root of the theoretical plate
number as can be seen in Formula 6. k is the retention
factor of the analyte and k the selectivity.

k, a-1

Formula 6: Rzl-\/ﬁ~ .
4 I+k, «
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