Waters UPLC, UHPLC, and HPLC Column Selection and Mobile-Phase Guide
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. . Buffer Volume or Mass Required for pH Adjustment MS
Mobile-Phase Chemical pK, Formula . : . .
S N ™ Range 10 mM Mobile-Phase Concentration (per 1L) Acid/Base Compatible?
. . ELECT C@RTECS
rl 9e Columns COLUMNS Acetic Acid (glacial) 4.8 — CH,COOH 0.571 mL — v
COLUMNS
Ammonium Acetate pK, 1 4.8 3.8-5.8 CH,COONH, 0.770 g CH,COOH or NH,OH v
m BEH Technology HSS Technology CSH Technology Solid-Core Technology Ammonium Acetate pK, 2 9.2 8.2-10.2 CH,COONH, 0.770 g CH,COOH or NH,OH v
Ammonium Bicarbonate 9.2,10.3 (8.2-11.3) NH,HCO;, 0.790 g HCOOH or NH,OH v
Ammonium Formate pK, 1 3.8 2.8-4.8 NH,COOH 0.640g HCOOH or NH,OH v
m High retentivity for basic compounds m High retentivity for polar organic B Good separations for basic compounds m Maximum efficiency Ammonium Formate pK, 2 9.2 8.2-10.2 NH,COOH 0.640 g HCOOH or NH,OH v
m Excellent peak shape at elevated pH compounds and metabolites under low pH conditions ® Increased sensitivity A Hvdroxid NH.OH . v
. . . ; ; ; . mmonium roxide 9.2 — 0.675 m —
m Good universal column choice for a wide | ™ Ea(ljanc;:-ld k;(_atentlclmtof polar and . Ex%ellent MSbF:erfohrmance (‘;V]'cth formic m Seamless scalability from UPLC™ y ¢
: yaropnonic analytes acld as a moblle-phase modirier . . .
variety of compounds : B , o to UHPLC to HPLC Ammonium Phosphate, Dibasic 7.2,9.2 (6.2-10.2) (NH,),HPO, 132 g H,PO, or NH,OH %
= Stable across a wide pH range m High strength silica for mechanical m Fast pH switching and column
stability equilibration : : _ _
m For separations at high temperatures Formic Acid 38 HCOOH 0.420 mL v
80°C -
( ) N-Methylpyrrolidine 10.3 — C;H;NO 1.04 mL — v
Wide pH Range Phosphoric Acid 2.1 - H,PO, 0.580 mL - X
/\. BEH C;s - Performance Benefits: General purpose column ideally suited for method development due  Bonding: Trifunctional C,g, fully end-capped, bonded Potassium Phosphate, Monobasic 2.1 (11-3.1) KH,PO, 1369 H,PO, or KOH X
PwR UPLC: 1.7 / UHPLC: 2.5 P S5 B efgS‘AM’\AMM to extreme pH stability and applicability to the broadest range of compound classes. to Ethylene Bridged Hybrid (BEH) substrate.
L L el el L Potassium Phosphate, Dibasic 7.2 (6.2-8.2) K,HPO, 174 g H,PO, or KOH X
BEH C; O,o\ PUUON Performance Benefits: General purpose column ideally suited for method development Bonding: Trifunctional C,, fully end-capped, bonded
-0-Si - . - . .
UPLC: 1.7 um / UHPLC: 2.5 ym / HPLC: 3.5, 5,10 ym =g due to extreme pH stability and applicability to the broadest range of compound classes. to Ethylene Bridged Hybrid (BEH) substrate. Potassium Phosphate, Tribasic 12.7 (11.7-13.7) K,PO, 212g H,PO, or KOH X
PN BEH Shield RP18 p cHs Performance Benefits: Alternate selectivity compared to straight chain C, Bonding: Monofunctional embedded polar C,, fully end- L
PREMIER 0'“.‘ e particularly with phenolic analytes. Compatible with 100% aqueous-phase composition. capped, bonded to Ethylene Bridged Hybrid (BEH) substrate. Pyrrolidine 1.3 - C,HgN 0.833 mL - \/
“~_~ UPLC:17 um / UHPLC: 2.5 ym / HPLC: 3.5, 5,10 pm s
BEH Phenyl Performance Benefits: Excellent method development column for alternate selectivity, Bonding: Trifunctional C, Phenyl, fully end-capped, bonded Sodium Borate 9.1,12.7,13.8 (8.2-14) Na,B,0, 2.01g H,BO, or NaOH X
c ; c ; c O_Z 5./\/\/\/0 particularly in regard to polyaromatic compounds. Unique level of pH stability for a Phenyl  to Ethylene Bridged Hybrid (BEH) substrate.
UPLC: 1.7 UHPLC: 2.5 HPLC: 3.5,5 . . . . o .
Km Hm Hm bonded phase. Sodium Citrate, Tribasic 3.1,4.8,6.4 (2.1-7.4) HOC(COONa)(CH,COONa), 2.58¢g Citric Acid or NaOH X
BEH HILIC e Performance Benefits: Excellent for retention of very polar, basic, water soluble analytes.  Bonding: Unbonded Ethylene Bridged Hybrid (BEH)
Specifically designed and tested for HILIC separations using mobile phases containing substrate. i : _ _
UPLC: 1.7 ym / UHPLC: 2.5 ym / HPLC: 3.5, 5 pm high concentrations of organic solvent. Triethylamine (TEA) 1n.01 (CH,CH,)sN 1.39 mL v
. Performance Benefits: Rugged HILIC stationary phase designed to separate a wide range  Bonding: Trifunctional amide bonded to Ethylene Bridged Triethvlammonium Acetate (TEAA) pK. 1 4.7 8-5. CH.CH.).N:CH.COONH, (1:2 695 mL TEA/0.571 mL Acetic Aci TEA or CH.COOH
IR BEH Amide _fo‘f\ﬁ r of very polar compounds. Especially good at separating carbohydrates (saccharides) using Hybrid (BEH) substrate. ethyla u cetate ( ) PF. 6 3.8-58 ( 3 2)3 3 4 (1:2) 0695 /0.5 ce d ° 3 ‘/
UPLC: 1.7 um / UHPLC: 2.5 ym / HPLC: 3.5, 5 ym -9 NH high concentrations of organic modifier, elevated temperature, and high pH. Compatible with . . ) ) . . ‘/
all modern detectors |nc|ud|ng MS, ELSD, U\/’ and fluorescence. Trlethy|amm0nlum Acetate (TEAA) pKa 2 11.01 10-0'12-0 (CH3CH2)3N-CH3COONH4 (2.1) 1.39 mL TEA/0.285 mL ACGTIC ACId TEA or HCOOH
. L Triethylammonium Formate (TEAF) pK; 1 3.75 2.8-4.8 (CH,CH,);N:NH,COOH (1:2) 0.695 mL TEA/0.420 mL Formic Acid TEA or HCOOH v
Wide Selectivity Range
: . o : Triethylammonium Formate (TEAF) pK, 2 11.01 10.0-12.0 (CH;CH,);N:NH,COOH (2:1) 1.39 mL TEA/0.210 mL Formic Acid TEA or HCOOH v
PN cshic Performance Benefits: General purpose reversed-phase column that offers excellent Bonding: Trifunctional C,4 ligand, fully end-capped, bonded
18 L pH stability and rapid mobile-phase re-equilibration for method development. Charged to a Charged Surface Hybrid (CSH) particle substrate. . . .
PREMIER DFININIINARAI i ™ i i i Trifluoroacetic Acid (TFA 0.3 — CF,COOH 0.743 mL —
‘.~ UPLC:17pm/UHPLC: 2.5 ym / HPLC: 3.5, 5,10 ym =3 g:;faacclfyl';g?gg S(igscl;lm)xj:gslogy enables superior peak shape and increased loading (TFA) 3 v
Performance Benefits: General purpose alternative selectivity ligand that provides pi-pi Bonding: Trifunctional C¢ Phenyl ligand, fully . . .
P®R CSH Phenyl-Hexyl G—’OO‘SM/\’O interactions with polyaromatic compounds, while maintaining excellent reproducibility at ~ end-capped, bonded to a CSH particle substrate. Importance of Mobile-Phase pH Dependence of Retention on pH: Reversed-Phase Retention Map
G UPLC: 1.7 pm / UHPLC: 2.5 ym / HPLC: 3.5, 5 ym \0" pH extremes. Charged Surface Hybrid (CSH) Technology enables superior peak shape and
increased loading capacity for basic compounds. . . . . . . . . .
; _ _ . o _ m Using a wide mobile-phase pH range is an effective approach to change The pH of the mobile phase has the greatest impact on analyte retention. For the most robust separations,
FOF Performance Benefits: General purpose column that provides a very high degree Bonding: Trifunctional propyl fluorophenyl ligand, d selectivit h bil h H that ds to the plat . fth tenti
CSH Fluoro-Phenyl Y . of analyte selectivity, especially when using low-pH mobile phases. Charged Surface non-end-capped, bonded to a CSH particle substrate. compound selectivity. choose a moblle-phase p at corresponas to the plateau regions of the retention map.
UPLC: 1.7 pm / UHPLC: 2.5 ym / HPLC: 3.5, 5 um ~dJ { It-)|yb_rid (CSH) Tedchnology enables superior peak shape and increased loading capacity for ® Increase selectivity for:
asic compounds. .
- . . ) . N . . - Acids (Peaks 3 and 6) Non-ionized form of acids and bases give most retention.
HSS Cis —q Performance B'enef|t§. Ultra performance C,s chemistry, increased retention, superior Bonding: ngh coverage trlfgr)ctlonal Cier fu!ly end-capped, - Bases (Peaks 1and 4) Retention of neutral analytes not affected by pH.
f-,Si/VVVVVVVV\ peak shape, resists acid hydrolysis at low pH. bonded to a High Strength Silica (HSS) particle substrate. 404
UPLC: 1.8 ym / UHPLC: 2.5 ym / HPLC: 3.5, 5 ym ° m Neutrals (Peaks 2 and 5) are largely unaffected by mobile-phase pH.
HSS C.. SB & Performance Benefits: Unique, non-end-capped C,; chemistry designed specifically for Bonding: Intermediate coverage trifunctionally bonded C,g,
b DSANAANAAAAN - method development scientists. Offers unique Selectivity for Bases (SB) when operating no endcapping, bonded to High Strength Silica (HSS) The Importance of Mobile-Phase pH: Rapid Method Development 35 Neutral li————m@—1 —=
UPLC: 1.8 ym / UHPLC: 2.5 ym / HPLC: 3.5, 5 pm © under low-pH conditions. particle substrate.
5
HSS T3 o Performance Benefits: Aqueous mobile-phase compatible column designed for Bonding: T3 (C,;) bonding and endcapping, bonded 2 3 4 30 Acid
PREMIER 0-5IANAANAANAAN - exceptional polar compound retention. to High Strength Silica (HSS) particle substrate. 6
.~ UPLC:1.8 ym / UHPLC: 2.5 um / HPLC: 3.5, 5 ym ~o Mobile-Phase pH
— . - o A . . Enhances Selectivity for: = 254
HSS PFP _@ 7 Performance Benefits: A general purpose column designed to maximize selectivity Bonding: Trifunctional pentafluorophenyl ligand, 1 Acids Bases Neutrals =
-O-)S./\/\QJ differences for Lewis bases through pi-pi interactions. The rigid aromatic ring provides non-end-capped, bonded to High Strength Silica £ Inc_:reased . .
UPLC: 1.8 ym / UHPLC: 2.5 ym / HPLC: 3.5, 5 ym ~o = additional selectivity based on shape, dipole moment, and hydrogen bonding interactions.  (HSS) substrate. pH 2 & . acid retention [HA] Increased base retention [B]
S
HSS CN Performance Benefits: A general purpose column that shows contrasting analyte Bonding: Sterically hindered, mono-functional cyano-propyl ‘ E Analyte pK,
-0-S AN, selectivity when compared to C,, phases. This column can be used for both reversed- ligand, non-end-capped, bonded to High Strength Silica 3 5 Compounds: & V's 'S
UPLC: 1.8 pm / UHPLC: 2.5 ym / HPLC: 3.5, 5 ym )\ phase and normal-phase separations. (HSS) substrate. 2 ; goxwam:e(ﬁEAS'T%)AL) 157
. Benzamide
3. Hydroxyisophthalic Acid (ACIDIC)
: o 4. Doxepin (BASIC) 10
High Efficiency 5. Flavone (NEUTRAL)
6. Fenoprofen (ACIDIC)
Performance Benefits: General purpose reversed-phase column designed to maximize Bonding: Trifunctional C,4 ligand, fully end-capped, bonded pH7 L 5]
Ciet 2 AAAAn~an  Efficiency. A charged-surface-silica-solid-core particle enables excellent peak shape for to a charged surface silica solid-core particle substrate. Base
UPLC: 1.6 um / UHPLC:: 2.7 um ~o basic compounds at low pH, especially in low concentration modifier mobile phases. I I
Offers complementary selectivity to traditional C,; columns. 3 2 5 0 , , , ‘ ‘ ‘
Ci o Performance Benefits: General purpose reversed-phase column designed to maximize Bonding: Intermediate coverage trifunctional-C,, ligand, fully 4 0 2 4 6 8 10 12
o/ ° JONNAOAAAA efficiency. Balanced retention of acids, bases, and neutrals at low- and mid-range pH. end-capped, bonded to a silica solid-core particle substrate. pH
UPLC: 1.6 pm / UHPLC: 2.7 ym °
T3 —0 Performance Benefits: Aqueous mobile-phase compatible column designed to maximize  Bonding: T3 (C,;) bonding and endcapping, bonded
)2 SN AN AN efficiency. Provides balanced retention for both polar and non-polar compounds. to a silica solid-core particle substrate pH 12 L
UPLC: 1.6 ym / UHPLC: 2.7 ym ° i i
- bort Benefite: Genoral o desianed to maximize efficiency. Simlar  Bonding: Trfunctional C.. fllv end-canmed. bonded ‘ ‘ ‘ ‘
-9 erformance Benefits: General purpose column designed to maximize efficiency. Similar onding: Trifunctional Cy, fully end-capped, bonde :
’ Uf'ﬁiw selectivity, but shorter retentivity when compared to typical C,; phases. to a silica solid-core particle substrate. 0 ! 2 3 4 > 6 ’ 8 min
UPLC: 1.6 pm / UHPLC: 2.7 ym o
Shield RP18 cHs Performance Benefits: Excellent method development column designed to give maximum Bonding: Monofunctional embedded polar C,g, fully end-
“-0-% efficiency. Alternative selectivity when compared to typical C,; phases, especially phenolic  capped, bonded to a silica solid-core particle substrate.
UPLC: 1.6 pm / UHPLC: 2.7 ym CHy compounds. ) . )
: : : — Benchmarking System Performance Versatility of Neutrals QC Reference Material
Phenyl o Performance Benefits: Excellent method development column designed to give Bonding: Trifunctional C4 Phenyl, fully end-capped, bonded ‘
_’o.:Si maximum efficiency as well as alternate selectivity, particularly in regard to to a silica solid-core particle substrate.
UPLC: 1.6 um / UHPLC: 2.7 ym - polyaromatic compounds. Use Waters Quality Control (QC) Reference Materials to evaluate
HILIC ‘ Performance Benefits: High efficiency column designed for retention of extremely polar, Bonding: Unbonded high-purity silica solid-core or verify key performance criteria with data generated when 2 CORTECS C,, Solid-Core Particle 2 BEH Cis Hybrid Particle
UPLC: 1.6 ym / UHPLC: 2.7 ym - basic, water-soluble analytes. prlilills slosiieiiz, the system is known to be in good working order. The criteria e 02
chosen, along with the routine use of a control chart, provides 2 ] 3 2 0rd 3
o ) . . an understanding of the capability of your system and can be a 7 A _JL I
Selectivity Choices Nitroaromatic Compounds useful troubleshooting tool. 00 00|
Tvbical Criteri 1 HSS Cys Silica Particle 1 2 Surfa;s:yg}?f g::st’ii?e
The choice of stationary phase influences the selectivity of the separation. The bonded phases and particle substrates used in Waters™ HPLC Columns are developed to maximize ypicaltriteria 021 i 02
the differences in analyte retention to help resolve the most demanding separation challenges. 1. Retention time range or reproducibility _— . 2 o1l s
2. Peak area range or reproducibilit , k
1 9 3 4 . i g P y aers R?Y"@' 001 - - - - - /\\ ] 0o 7_JL - T T T /\ T T !
l A h '\ R M 2 " " BEHC, Conditions: 3. Peak tailing range laers Neutn"}s"""’"‘" 0 1 2 3 4 5 6 7 min 0 1 2 3 4 5 6 7 min
; ; T, b Columns: 21x100 mm k | . hnahility Staﬂd“fé Peak ID: 1. Acetone, 2. Naphthalene, 3. Acenaphthene.
16890 121314 BEH C, Mobile phase:  72% water/28% methanol (v/v) 4. Peak resolution s LCMSQ:‘;::%?'%
1A 2 3A 4’\ 5 N U\/\" 0 ,\ﬂyL,\ " BEH Shield Rp18  Flow rate: 0.5 mL/min 5. Response lp‘ﬁém%:)% 0830 —f === === === e e e eeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeaaea- Upper Control Limit
Injectionvol.. 5.0 uL 6. System pressure S~ 0 | R
1 2 5 4A 3 " g 8 101 ; BEH Phenyl g, . 10 ua/mL ' = = 2
| \ . ANV VAN P ; ample conc:. 10 g/m ~ 8
Temperature: 50 °C ] _ i
1 2 3 4 5 67, 89 £ 0.800 - - - Center Line
\ A A A A /\ /\/]\Ul 2B " CSHC:  Detection: UV @ 254 nm ;
W45 7 6!l.lll.l . CSH Fluoro-Phenyl ~ Sampling rate: 20 pts/sec g ________________________________________________________________________________
: A Y Time constant: 0.1 min [ (T i R R R R LR T T PR Lower Control Limit
}\ ;\ 5 no3 w /7\ . CSH Phenyl-Hexyl  |nstrument: ACQUITY™ UPLC with PDA Detector o 0 %0 % st 70 0 o 7o
3 4 ! 90,1
]h ZA A A 5/\ Uzﬂ\ AN 1 13 i) HSST3 Compounds [EPA 8330 Standard Mixture):
L o R A AARA s eSOy THIX
3 4y 56 g q
| Zn n {\ A A M R ow HSSC,SB 3 135 Trinitrobenzene Benchmarking System Performance
g 4 02134 HsscN 4 13-Dinitrobenzene
e oA LD 5. Nitrobenzene Instrument bandspread is one of the most practical LC instrument parameters to understand when transferring LC methods. Knowing the result of this simple measurement gives the separation scientist the ability to develop
T, 4 7 ] CORTECS G 6. Tetryl compatible methods that are independent of the LC instrument manufacturer. The following table gives recommendations on column configuration based on nominal instrument bandspread values.
56 8 q et .
l k A )V VAN ! 12 B " 7. 2,4,6-Trinitrotoluene
e ] 4 " 8. 2-Amino-4,6-Dini . .
5 s 0 . 2-Amino-4,6-Dinitrotoluene Col Sel Guid
9 1 CORTECS C ) . olumn Selection Guide
| | I\ NN * 9. 4-Amino-2,6-Dinitrotoluene Svstem LC Bandspread* Recommended Column Particle Sizes
1 ) 3 4 . 7§3 o CORTECS UPLC T3 10. 2,4-Dinitrotoluene y Technique p and |.D.s
5 1 ” B " 11. 2,6-Dinitrotoluene
- ' Y 12. 2-Nitrotoluene Shimadzu Prominence UFLC HPLC 41 L XBridge 3.5, 5 ym; XSelect 3.5, 5 ym;
L l ﬁ f 7(\,5 M mon o m CORTECS €, 43, 4-Nitrotoluene Alliance™ 2695 HPLC HPLC 29 L CORTECS 2.7 pm
3 4 128,9 14, 3-Nitrotoluene : 3.0-4.6 mm L.D. -
i zA l ﬂ 5 7o 0y 5w CORTECS UPLC Shield RP18 Agilent 1260 UHPLC (600 bar) HPLC 28 L Alliance HPLC ACQUITY Arc ACQUITY UPLC H-Class
CORTECS Phenyl Thermo Accela UHPLC HPLC 21uL XBridge 2.5, 5 ym; XSelect 2.5, 5 pm;
I A A% e w B ; Fheny - g CORTEGS 27 pm System HPLC UHPLC UPLC
23 4 5 7 0 813 Agilent 1290 UHPLC (1200 bar UHPLC 17 pL . .D. . .
, - N A : A~ . — : o - ( ) . 3.0mm1.D Dispersion >40 pL 22-29 L <15 pL
0 2 4 6 8 10 12 14 16 18 20 min XBridge 2.5, 5 ym; XSelect 2.5, 5 ym; _ _
) . . o ACQUITY Arc™ UHPLC 23 uL CORTECS 2.7 ym Particle Size 3-5um 2-3pm <2um
Comparative separations may not be representative of all applications. 3.0 mm LD
' = Routine Pressure <4000 psi <10,000 psi <18,000 psi
Extend Column Performance and Lifetime ACQUITY UPLC UPLC 12pL ACQUITY UPLC BEH 1.7 pm; Col D r 0 o 5 5 “
ACQUITY UPLC H-Class w/Column Manager UPLC 12 ul ACQUITY UPLC CSH 1.7 ym; CORTECS 1.6 um elluwatn LD, S ELO ) S0 S0 ) 20 i {10 i)
2.1 mm I.D.
VAN G UARD"  Usingaguard column is an economical way to prolong Selection Guide ACQUITY UPLC H-Class UPLC 9uL Column Length 75-250 mm 50-150 mm <150 mm
oE— coLumN proTECTION analytical CO'“"_‘” lifetime without compromising VanGuard Col p ion Cartridae/P | lect Note: The provided data is for reference only and is based on nominal values for unmodified systems. Any adjustment to the plumbing, Optimized column dimension matched to Waters LC Systems.
chromatographic performance. VanGuard™ Column antauard Lolumn rotection Cartridge/Pre-column selection connectivity, and configuration of the system will change the instrument bandspread and will influence the resulting chromatography.
Protection Products are available in a wide selection of particle sizes and stationary based on analytical column I.D.
phases making them ideally suited for the physical and chemical protection for all
analytical columns. Column I.D. Particle Size VanGuard Format VanGuard Dimension . . o
= Minimal chromatographic effects and optimized performance /\ Select column configurations for chemistries that show the PREMIER symbol
_ Jrapm! P 2.1 mm <2pm Pre-column 2.1x5mm PREMIER are available in the PREMIER column format. The PREMIER columns utilize
" ::\’gesré?;z't:mr.‘tﬁr°;f,(‘?£'f;”3f°ésur:hcfnu ':E;&%”ig%% ﬁ‘:#”mns 21 mm >2 um Cartridge Column 21x5mm ‘.~ MaxPeak™ High Performance Surface (HPS) Technology which increases
wi i iz i . . s
. _p 9ing _ 3.0 mm >2 pm Cartridge Column 21x5mm reproducibility, improves peak shape, and enables more accurate recovery
m Compatible operating pressures up to 18,000 psi (1240 bar) 3.9 mm - SR Callui 3.9x5 mm by minimizing unwanted analyte/surface interactions.
4.6 mm >2 ym Cartridge Column 3.9x5mm
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