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Extraction Hints

Verify sample application pH. Analytes that are not in their proper form (i.e., neutral or charged), will
not effectively bind to the sorbent and may result in low or erratic recoveries. The pH of deionized
water cannot be correctly determined using pH paper. Use of a calibrated pH meter is necessary.

Always pre-rinse the cartridge with the strongest solution the cartridge will see to ensure the cleanest
extraction of your eluate.

Do not allow the sorbent to completely dry out between conditioning steps or before sample application.
To ensure properly solvated cartridges, apply each solvent immediately after the previous solvent.
Improperly conditioned cartridges may lead to erratic recoveries.

Prior to elution, fully dried cartridges will ensure optimal analyte recovery. To confirm cartridge
dryness, touch the sides of the cartridge at the sorbent level at full vacuum. Cartridges should feel
about room temperature but not cool. If the cartridge feels cool, water is probably present and still
evaporating. Continue drying the cartridge unless otherwise specified in the application note.

Elution rates and soak times specified in the applications are critical for acceptable and consistent
recoveries. Hint: When in doubt, slower is always better. 1 mL to 2 mL per minutes is a good general
guideline for the sample addition and analyte extraction steps. This recommendation is required for
suitable ion exchange extractions.

Always use fresh ammonium hydroxide (NH4OH) for elutions. NH4OH rapidly loses its effectiveness
when exposed to air. Weak NH4OH solutions may lead to erratic recoveries.

NH4OH is more soluble in IPA than CH2Cl2. To ensure complete mixing of eluate solvents, add NH4OH
to IPA, then add CH2Cl2.

Addition of 1% HCl in MeOH assists in reducing volatility of certain analytes especially
sympathomimetic amines.

Certain compounds are slightly volatile. Closely monitor eluate concentration to prevent loss of analyte.
Hint: Higher water bath temperatures and lower nitrogen flow rates usually provide optimal results.
However, do not exceed 40 °C. Optimal evaporation temp ranges from 35-40 °C. Optimal Nitrogen flow
rates are from 5-15 psi.

Solvent quantities for methods are suggested and might be further reduced to meet particular
laboratory sample size needs.
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Solvents
Acetone; HPLC Grade
Acetonitrile (ACN)(CH3CN); HPLC Grade
Chloroform (CHCl3); HPLC Grade
Distilled or/ Deionized H2O
(D.I. H2O, 5 < pH < 7)

Ethyl Acetate (EtAc); HPLC Grade
Hexane; HPLC Grade
Isopropyl Alcohol (IPA); HPLC Grade
Methanol (CH3OH): HPLC Grade
Dichloromethane (CH2Cl2): HPLC Grade

Solvent mixtures
Acetone / Hexane (1:99)
Acetonitrile / D.I. H2O (20:80)
Ethyl Acetate / IPA (75:25)
Ethyl Acetate / Hexane (50:50), (75:25)

Methanol / D.I. H2O (80:20)
Methanol / D.I. H2O (70:30)
Methanol / D.I. H2O (10:90)

Use of non-chlorinated elution solvents
In response to environmental concerns over the use of chlorinated compounds in the laboratory, UCT offers these
suggested non-chlorinated elution solvents. The recommended parameters have been used successfully on UCT
columns by our customers throughout the world and may be routinely used as an alternative to chlorinated elution
solvents. You may however see subtle differences on certain compounds due to solubility effects.

Assay
Opiates
Propoxyphene
Cocaine / BE
Amphetamines

Chlorinated
CH2Cl2 / IPA/NH4OH(78:20:2)
CH2Cl2 / IPA/NH4OH(78:20:2)
CH2Cl2 / IPA/NH4OH(78:20:2)
CH2Cl2 / IPA/NH4OH(78:20:2)

Non-chlorinated
EtAc / IPA/NH4OH (90:6:4)
EtAc / IPA/NH4OH (90:6:4)
EtAc / CH3OH/NH4OH(68:28:4)
EtAc / IPA/NH4OH (90:6:4)

UCT would like to thank Dr. Leon Glass for his efforts in developing these non chlorinated mixtures.

Reagents
Acetic Acid, Glacial (CH3COOH):17.4 M
Ammonium Hydroxide (NH4OH): concentrated (14.8 M)
ß-Glucuronidase: abalone derived
Dimethylformamide (DMF): silylation grade
Hydrochloric Acid (HCI): concentrated (12.1 M)
N, O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) with 1% trimethylchlorosilane (TMCS)
Pentafluoropropionic Acid Anhydride (PFAA or PFPA)
Phosphoric Acid (H3PO4): concentrated (14.7 M)
Sodium Acetate Trihydrate (NaCH3COO-3 H2O): F.W. 136.08
Sodium Borate Decahydrate (Na2B4O7-10 H2O): F.W. 381.37
Sodium Hydroxide, (NaOH): F.W. 40.00
Sodium Phosphate Dibasic, Anhydrous (Na2HPO4): F.W. 141.96
Sodium Phosphate Monobasic, Monohydrate (NaH2PO4•H2O): F.W. 137.99

Notes:
Storage of organics in some plastic containers may lead to plasticizer contamination of the solvent or solvent
mixture, this may interfere with analyte quantitation. Good laboratory practice dictates all who handle or are
potentially exposed to reagents, solvents and solutions used or stored in the laboratory should familiarize
themselves with manufacturer’s recommendations for chemical storage, use and handling, and should also
familiarize themselves with an appropriate Material Safety Data Sheet (MSDS).
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How to Prepare Solutions and Buffers

1.0 M Acetic Acid:
To 400 mL D.I. H2O add 28.6 mL glacial acetic acid. Dilute to 500 mL with D.I. H2O. Storage: 25 °C in
glass or plastic. Stability: 6 months
100 mM Acetic Acid:
Dilute 40 mL 1.0 M acetic acid to 400 mL with D.I. H2O. Mix. Storage: 25 °C in glass or plastic.
Stability: 6 months
100 mM Acetate Buffer (pH 4.5):
Dissolve 2.93 g sodium acetate trihydrate in 400 mL D.I. H2O; add 1.62 mL glacial acetic acid. Dilute to
500 mL with D.I. H2O. Mix. Adjust pH to 4.5 ± 0.1 with 100 mM sodium acetate or 100 mM acetic acid.
Storage: 25 °C in glass or plastic. Stability: 6 months; Inspect daily for contamination.
1.0 M Acetate Buffer (pH 5.0):
Dissolve 42.9 g sodium acetate trihydrate in 400 mL D.I. H2O; Add 10.4 mL glacial acetic acid. Dilute
to 500 mL with D.I. H2O. Mix. Adjust pH to 5.0 ± 0.1 with 1.0 M sodium acetate or 1.0 M acetic acid.
Storage: 25 °C in glass or plastic. Stability: 6 months; Inspect daily for contamination.
100 mM Acetate Buffer (pH 5.0):
Dilute 40 mL 1.0 M acetate buffer to 400 mL with D.I. H2O. Mix. Storage: 25 °C in glass or plastic.
Stability: 6 months
7.4 M Ammonium Hydroxide:
To 50 mL D.I. H2O add 50 mL concentrated NH4OH. Mix. Storage: 25 °C in glass or fluoropolymer
plastic. Stability: Storage condition dependent.
100 mM Hydrochloric Acid:
To 400 mL D.I. H2O add 4.2 mL concentrated HCI. Dilute to 500 mL with D.I. H2O. Mix. Storage: 25 °C
in glass or plastic. Stability: 6 months
Methanol /Ammonium Hydroxide (98:2):
To 98 mL CH3OH add 2 mL concentrated NH4OH. Mix. Storage: 25°C in glass or fluoropolymer plastic.
Stability: 1 day.
0.35 M Sodium Periodate:
Add 37.5 g sodium periodate to a 500 mL volumetric flask, dilute to volume with D.I. H2O. Mix. Stability:
2 mos. at room temperature.
CH2Cl2 / IPA / NH4OH (78:20:2):
To 20 mL IPA, add 2 mL concentrated NH4OH. Mix. Add 78 mL CH2Cl2. Mix. Storage: 25 °C in glass or
fluoropolymer plastic. Stability: 1 day
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100 mM Phosphate Buffer (pH 6.0):
Dissolve 1.70 g Na2HPO4 and 12.14 g NaH2P04 H2O in 800 mL D.I. H2O. Dilute to 1000 mL using D.I.
H2O. Mix. Adjust pH to 6.0 ± 0.1 with 100 mM monobasic sodium phosphate (lowers pH) or 100 mM
dibasic sodium phosphate (raises pH). Storage: 5°C in glass. Stability: 1 month; Inspect daily for
contamination.
500 mM Phosphoric Acid:
To 400 mL D.I. H2O add 17.0 mL concentrated phosphoric acid. Dilute to 500 mL with D.I. H2O. Mix.
Storage: 25 °C in glass or plastic. Stability: 6 months
1.0 M Sodium Acetate:
Dissolve 13.6 g sodium acetate trihydrate in 90 mL D.I. H2O. Dilute to 100 mL with D.I. H2O. Mix.
Storage: 25 °C in glass or plastic. Stability: 6 months
100 mM Sodium Acetate:
Dilute 10 mL 1.0 M sodium acetate to 100 mL with D.I. H2O. Mix. Storage: 25 °C in glass or plastic.
Stability: 6 months
100 mM Sodium Borate:
Dissolve 3.81 g Na2B4O7•10 H2O in 90 mL D.I. H2O. Dilute to 100 mL with D.I. H2O. Mix. Storage: 25
°C in glass or plastic. Stability: 6 months.
100 mM Sodium Phosphate Dibasic:
Dissolve 2.84 g Na2HPO4 in 160 mL D.I. H2O. Dilute to 200 mL using D.I. H2O. Mix. Storage: 5 °C in
glass. Stability: 1 month; Inspect daily for contamination.
100 mM Sodium Phosphate, Monobasic:
Dissolve 2.76 g NaH2PO4-H2O in 160 mL D.I. H2O. Dilute to 200 mL with D.I. H2O. Mix. Storage: 5 °C in
glass. Stability: 1 month. Inspect daily for contamination.
100 mM Sulfuric Acid:
To 400 mL D.I. H2O add 2.7 mL concentrated H2SO4. Dilute to 500 mL with D.I. H2O. Mix.
Storage: 25 °C in glass or plastic. Stability: 6 months
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Why is Selectrazyme® –Glucuronidase derived from
red abalone (Haliotis rufescens) needed in everyday sample prep?
In the body’s attempt to eliminate xenobiotics, glucuronidation occurs, where the drug is
conjugated with glucuronic acid by the human UDP-glucuronosyltransferase family of enzymes.
Similar conjugation reactions occur with isoforms of sulfotransferases yielding the sulfate
conjugate.
The glucuronides formed are more polar (water soluble) than the parent compound (original
drug) and are generally excreted via the kidney into urine.
For proper detection of the parent compound and phase 1 metabolites, hydrolysis may be
required. This technique is therefore frequently applied to biological fluids, primarily urine.
Selectrazyme® -Glucuronidase catalyzes hydrolysis of -D-glucuronic acid allowing for the
determination of total drug concentration versus solely free drug concentration(s).

Benefits to Hydrolyzing with Selectrazyme®

-Glucuronidase

1. Cleaner extracts
2. Stability of analytes due to mild hydrolysis conditions
3. Minimum artifacts present in extracts
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Comparing Efficiency of Various Sources of Enzyme
Journal of Analytical Toxicology, Vol. 19, May/June 1995

Hydrolysis using Selectrazyme® -Glucuronidase results in a sample solution containing a significant
amount of solubilized enzyme. If not effectively eliminated, this material can accumulate on the head
of a guard or analytical column; significantly increasing column backpressure and reducing column
lifetime. Strongly consider using SPE prior to analytical injection to not only prolong the life of your
HPLC column, but also to produce the cleanest, most accurate results.
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Why We Derivatize:
1. To reduce the polarity and enhance the volatility of high molecular weight polar drugs making them
more suitable for analysis via GC-MS (Figure 1).
2. To increase the molecular weight of very volatile drugs, thereby resulting in a more complex mass
spectrum that improves the selectivity for that particular drug. An important consideration in
derivatizing drugs for GC/MS analysis is that the spectrum of the resulting compounds should
contain at least three ions that are unique to that analyte and not a result of the matrix.

Figure 1. Trimethylsilyl derivative of benzoylecgonine. The underivatized compound has a carboxyl group and is
too polar to pass through a GC column.

How to choose a derivatizing agent
Common derivatizing agents for drugs are trifluoroacetic anhydride (TFAA), pentafluoroacetic
anhydride (PFAA), and N,O-bis(trimethylsilyl)- trifluoroacetamide (BSTFA, MTBSTFA). TFAA and
PFAA react with alcohols, phenols and amines to form floroacyl esters and amides. The main
disadvantage of the acid anhydrides is that they are extremely corrosive and can damage the capillary
column of the instrument. Excess derivatization reagent must be removed by evaporation prior to
injection and the derivatized analytes must be dissolved in a volatile solvent.
For most drugs, conversion to the trimethylsilyl (TMS) ethers, esters and amides, using BSTFA
(or MTBSTFA) is found to be very simple and effective. When preparing these derivatives, it is
necessary to evaporate the drug extracts to complete dryness prior to derivatization. There is no need
to remove any excess BSTFA (MTBSTFA) prior to injection like what is required with agents such as
HFAA and PFAA because it does not pose a risk to instrumentation. Another advantage of BSTFA (or
MTBSTFA) is that it boils at 145°C at atmospheric pressure; therefore the solvent is not likely to
evaporate when stored, increasing its shelf-life.
Derivatizing agents are usually stored at room temperature or in a dessicator. Refrigeration should be
avoided due to humid conditions shortening the life and effectiveness of the product.
Common compounds found in a forensic/clinical setting along with their targeted functional groups and
derivatizatizing agent of choice for are listed in Table1.
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Drug

Derivatized Functional
Group

Derivative
(BSTFA unless other
specified)

amphetamine

-N2H

Spectrum of BSTFA derivative
not definitive; therefore
prepare the 4carbethoxyhexafluorobutyryl
amide (4-CB)

methamphetamine

-NH2

Spectrum of BSTFA derivative
not definitive; therefore
prepare the 4carbethoxyhexafluorobutyryl
amide (4-CB)

phentermine

-NH2

Spectrum of BSTFA derivative
not definitive; therefore
prepare the 4carbethoxyhexafluorobutyryl
amide (4-CB)

cocaine

none

benzoylecgonine

-CO2H

TMS ester

morphine

-OH (two)

di-TMS ether

codeine

-OH

mono-TMS ether

6-monoacetylmorphine

-OH

mono-TMS ether

dihydrocodeine

-OH

mono-TMS ether

hydrocodone

enol –OH formed from =O

mono-TMS ether
di-TMS ether

oxycodone

-OH
enol –OH formed from =O

norcodeine

-OH
-NH

hydromorphone
oxymorphone

2

TMS ether
di-TMS ether
One peak: TMS ether and
TMS amide

-OH

mono-TMS ether

enol –OH formed from =O

di-TMS ether

-OH (two)

mono-TMS ether

enol –OH formed from =O

di-TMS ether
tri-TMS ether

phencylidine (PCP)

none
9

9-carboxy-11-nor- tetrahydrocannabinol
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-OH
-CO2H

One peak: mono-TMS ether
and mono-TMS ester

Classification of Derivatizing Agents

Silylation
Silylation is the most popular derivatization procedure for GC sample analysis. Silylation reagents are
easy to use and readily form derivatives. In silylation, an active hydrogen such as that found in acids,
alcohols, thiols, amines, amides, enolizable ketones and aldehydes is replaced by trimethylsilyl (TMS)
or t-butyldimethylsilyl (t-BDMS). Compared to their parent compounds, silyl derivatives are more
volatile, less polar, and more thermally stable. As a result, GC separation is improved and detection is
enhanced.

Acylation
Acylation reagents are typically available as acid anhydrides, acyl derivatives, or acyl halides.
Acylation reagents offer similar advantages to silylation reagents. They create less polar, more volatile
derivatives. As opposed to silylating reagents, acylating reagents target highly polar, multi-functional
compounds, such as carbohydrates and amino acids. Acylating reagents also introduce electroncapturing groups to the derivatized sample; enhancing analytical detection. Acyl halides and acyl
derivatives are highly reactive. Typically they are used where steric hindrance may be an issue. Due to
the acidic nature of these reagents any excess material or byproducts must be removed prior to sample
analysis to prevent GC inlet or column degradation.

Alkylation
Alkylation reagents replace active hydrogens with an alkyl group. These reagents are used to modify
compounds having acidic hydrogens, such as carboxylic acids and phenols. Alkylation reagents can be
used alone to form esters, ethers, and amides or they can be used in combination with acylation or
silylation reagents. Esterification is the most popular method of alkylation. Alkyl esters are stable and
form quickly and quantitatively. Alteration of the length of the substituted alkyl group can be used to
alter the GC retention times of derivatives.
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Good HPLC Practices

Technical Tip #1:
HPLC Column Care: Based upon decades of HPLC Technical Service experience, the number one
mistake, made by experienced and novice chromatographers alike, is the improper changing of mobile
phase solvents, such as in the two scenarios below. Incorrect washing procedures often lead to
precipitated buffer in the column that can cause changes in retention and high back pressure.

Don’t Do:
Scenario 1: An analyst stores his column in high percent organic solvent. He places the column on the
HPLC and begins to equilibrate the column with a buffered mobile phase.

Do:
Wash the column with > 50 percent D.I. H2O before beginning the equilibration with buffer.

Don’t Do:
Scenario 2: An analyst finishes his method development project that used a buffered mobile phase. He
begins pumping a high percent organic through the column to store it in that solvent.

Do:
Wash the column with > 50 percent D.I. H2O before beginning the high percent organic wash.

Technical Tip #2:
To obtain the highest efficiency and greatest sensitivity, use HPLC flow rates that provide the optimum
linear velocity (OLV) for the particular column employed. This is more important when using larger
particle size packings (e.g., 5μm and larger), and less of an issue when using smaller particle packings
(e.g., 3μm and smaller), or core-shell particles. The OLV is related to the optimum flow rate (OFR), and
is dependent on the internal diameter (i.d.) of the HPLC column:

Column i.d. (mm)
2.1
3
4
4.6
10
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Typical OFR
(mL/min)
0.21
0.43
0.76
1.0
4.7

III. Technical Tip #3:
Running HPLC chromatograms at elevated temperatures can provide several advantages:
Lowers mobile phase solvent viscosity and column/system backpressure
Enhances peak efficiency and sensitivity
Helps to prevent perturbations in baseline due to room temperature fluctuations
Provides somewhat faster elution times
Helps to provide more reproducible chromatographic results
However, when performing chiral separations, a lower column temperature is often advantageous in
obtaining greater resolution between enantiomers.
IV. Technical Tip #4:
The standard operating pH range for most silica-based HPLC columns is pH 2 to 8. However, some
C18 phases (e.g., UCT Selectra® C18) contain high carbon loading (19% C) that enables the analyst to
run methods at an elevated pH (pH 10 or even pH 12) for an extended period of time, if necessary.
The higher carbon load is thought to partially shield the silica backbone from alkaline hydrolysis.
V. Technical Tip #5:
Particularly in performing LC-MS method development work, try using Hydrophilic Interaction Liquid
Chromatography (HILIC) instead of Reversed Phase Mode (RP) chromatography. The HILIC Mode
uses higher concentrations of organic in the mobile phase that allows more efficient desolvation in the
mass spectrum instrument. This typically results in increased sensitivity. There are a variety of
columns available that can perform HILIC separations, such as the Selectra® PFPP and Selectra®
Mixed-Mode I phases.
V1. Technical Tip #6:
When a mass spectrometer is used as the LC detector (LC-MS), the mobile phase must be volatile in
order for the LC-MS interface to adequately vaporize it. If you utilize a buffer that is non- volatile, such
as phosphate or citrate, a large quantity of it could pass into ESI or APCI, initiating a large amount of
salt formation in the MS. This build up has been known to quench ionization in electrospray LC-MS,
leading to lower sensitivity of analytes.

Buffers

pH Range

Phosphate (pK1)
Phosphate (pK2)
Phosphate (pK3)
Acetate*
Citrate (pK1)
Citrate (pK2)
Citrate (pK3)
Trifluoroacetic acid (0.1%)
Phosphoric acid (0.1%)
Formic acid (0.1%)
Ammonium formate
Ammonium bicarbonate
Borate

1.1 – 3.1
6.2 – 8.2
11.3 – 13.3
3.8 – 5.8
2.1 – 4.1
3.7 – 5.7
4.4 – 6.4
2.0
2.0
2.7
2.7 – 4.7
6.6 – 8.6
8.3 -10.3

LC-MS Compatible
X
X
X
YES
X
X
X
YES
X
YES
YES
YES
YES

*suitable for LC-MS as ammonium acetate
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