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Introduction
The biphenyl phase lends superior selectivity over a C18 column for drugs of abuse (DOA) 
panels [1], but choosing the right column dimension for analysis is key for obtaining robust 
and accurate data. Each column dimension can be advantageous in different scenarios, but 
generally clinical labs are all working towards the same goals: high throughput, low sample 
volume, good sensitivity, and low cost. In this article, the advantages of narrow-bore columns 
will be discussed and demonstrated for drugs of abuse. 

Efficiency 
Column efficiency is the ability of a column to produce narrow chromatographic peaks and 
is defined by plate number (N) following Equation 1:

Equation 1: 

Where Rt is the retention time of the analyte and W is peak width at baseline.

N = 16 
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There can be several contributing factors for peak width and retention time that will ultimately determine the efficiency of the column. 
Band-broadening processes are factors that contribute to peak dispersion. These include Eddy diffusion, longitudinal mass transfer, and 
mobile phase and stationary phase mass transfer, which all collectively make up the van Deemter equation [2]. Eddy diffusion occurs when 
analytes take different flow paths through the column, which is exacerbated when using larger ID columns, longer column dimensions, 
larger particle sizes, and columns with poor packing efficiency. When a sample is injected on a column, the analyte is most concentrated 
in the middle, and as this band moves through the column, the analytes get dispersed outward. This is referred to as longitudinal mass 
transfer and can be reduced by running at higher flow rates. Mass transfer of the mobile phase and stationary phase is defined as analyte 
partitioning in and out of the stationary phase. This contributing factor to band broadening can be reduced by using smaller particle sizes 
and elevating the column oven temperature to increase the rate of diffusion. In general, using narrow-bore columns will result in less band 
broadening, increased peak efficiency, and improved analyte sensitivity. Particle type can also aid in increasing efficiency. Superficially 
porous particles decrease the analyte flow path and allow for increased efficiency when compared to fully porous particles.
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To demonstrate the superior sensitivity of narrow-bore columns, buprenorphine was investigated on Raptor Biphenyl 50 mm columns. In 
the following example (Figure 1A), 1 µL of 50 ppb buprenorphine was injected and analyzed by the outlined method using a 2.1 mm inter-
nal diameter column. Next, the same method was used on a 4.6 mm internal diameter column, adjusting the flow rate from 0.6 mL/min 
to 0.9 mL/min and injecting the same sample (Figure 1B). When the same amount of sample is injected on both columns, the larger-bore 
column produces approximately half of the peak height/sensitivity as the smaller-bore column. The sensitivity of analytes can be increased 
by injecting more on the larger ID column. In this example, when injecting twice as much onto the 4.6 mm ID column (2 µL), approximately 
the same sensitivity can be achieved (Figure 1C). The downside to increasing injection volume is the increased introduction of matrix on 
column that can adversely affect chromatography, decrease column lifetime, and enhance matrix interferences. 

Figure 1: Buprenorphine was analyzed and injected onto these 50 mm Biphenyl columns:

A: 1 µL on 2.1 mm ID column

B: 1 µL on a 4.6 mm ID column

C: 2 µL on a 4.6 mm ID column

LC_CF0794

1A. 50 x 2.1 mm, 2.7 µm 

 1 µL injection

1B. 50 x 4.6 mm, 2.7 µm 

 1 µL injection

1C. 50 x 4.6 mm, 2.7 µm 

 2 µL injection

Notes Figure 1A 
Column: Raptor Biphenyl 50 x 2.1 mm, 2.7 µm  
(cat.# 9309A52) 
Guard: Raptor Biphenyl EXP guard column cartridge 5 mm, 
2.1 mm ID, 2.7 µm (cat.# 9309A0252) 
Inj. Vol.: 1 µL 
Flow (mL/min): 0.6 
 

Figure 1B 
Column: Raptor Biphenyl 50 x 4.6 mm, 2.7 µm  
(cat.# 9309A55) 
Guard: Raptor Biphenyl EXP guard column cartridge 5 mm, 
4.6 mm ID, 2.7 µm (cat.# 9309A0250) 
Inj. Vol.: 1 µL 
Flow (mL/min): 0.9 
 

Figure 1C 
Column: Raptor Biphenyl 50 x 4.6 mm, 2.7 µm  
(cat.# 9309A55) 
Guard: Raptor Biphenyl EXP guard column cartridge 5 mm, 
4.6 mm ID, 2.7 µm (cat.# 9309A0250) 
Inj. Vol.: 2 µL 
Flow (mL/min): 0.9
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Column: See notes; Temp.: 45 °C. Standard/Sample: Diluent: 50:50 Water:methanol; Conc.: 50 ng/mL. Mobile Phase: A. Water, 0.1% formic acid; B. Methanol, 0.1% formic acid. Gradient (%B): 0.00 min 
(10%); 6.00 min (75%); 7.00 min (100%); 8.00 min (100%); 8.01 min (10%); 14.00 min (100%). Flow: 0.6-0.9 mL/min. Detector: Shimadzu 8060; Ion Source: Electrospray; Ion Mode: ESI+. Instrument: 
Shimadzu Nexera X2. Sample Preparation: Standards were aliquoted into 2 mL, screw-thread vials (cat.# 21143) and capped with short-cap, screw-vial closures (cat.# 24498).
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Sensitivity can become even more challenging when applied to matrix. In the next example buprenorphine is spiked at 2 ng/mL into urine, 
hydrolyzed, diluted 30-fold, and centrifuged. 

Figure 2:  Buprenorphine was spiked into urine at 2 ng/mL and analyzed and injected onto these 50 mm Biphenyl columns:

A: 5 µL on 2.1 mm ID column

B: 5 µL on a 4.6 mm ID column

C: 10 µL on a 4.6 mm ID column 
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LC_CF0797

2A. 50 x 2.1 mm, 2.7 µm 

 5 µL injection

2B. 50 x 4.6 mm, 2.7 µm 

 5 µL injection

2C. 50 x 4.6 mm, 2.7 µm 

 10 µL injection

Column: See notes; Temp.: 45 °C. Standard/Sample: Diluent: 90:10 Water:methanol containing 0.1% formic acid; Conc.: 2 ng/mL in urine, diluted 30-fold. Mobile Phase: A. Water, 0.1% formic acid; B. Metha-
nol, 0.1% formic acid. Gradient (%B): 0.00 min (10%); 6.00 min (75%); 7.00 min (100%); 8.00 min (100%); 8.01 min (10%); 14.00 min (100%). Flow: 0.6-0.9 mL/min. Detector: Shimadzu 8060; Ion Source: 
Electrospray; Ion Mode: ESI+. Instrument: Shimadzu Nexera X2. Sample Preparation: Buprenorphine was spiked at 2 ng/mL into urine, hydrolyzed, diluted 30-fold, and centrifuged. The sample was aliquoted 
into 2 mL, screw-threat vials (cat.# 21143) and capped with short-cap, screw-vial closures (cat.# 24498)

Notes Figure 2A 
Column: Raptor Biphenyl 50 x 2.1 mm, 2.7 µm (cat.# 
9309A52) 
Guard: Raptor Biphenyl EXP guard column cartridge 5 mm, 
2.1 mm ID, 2.7 µm (cat.# 9309A0252) 
Inj. Vol.: 5 µL 
Flow (mL/min): 0.6 
 

Figure 2B 
Column: Raptor Biphenyl 50 x 4.6 mm, 2.7 µm (cat.# 
9309A55) 
Guard: Raptor Biphenyl EXP guard column cartridge 5 mm, 
4.6 mm ID, 2.7 µm (cat.# 9309A0250) 
Inj. Vol.: 5 µL 
Flow (mL/min): 0.9 
 

Figure 2C 
Column: Raptor Biphenyl 50 x 4.6 mm, 2.7 µm (cat.# 
9309A55) 
Guard: Raptor Biphenyl EXP guard column cartridge 5 mm, 
4.6 mm ID, 2.7 µm (cat.# 9309A0250) 
Inj. Vol.: 10 µL 
Flow (mL/min): 0.9

Figure 2 outlines the importance of sensitivity when analyzing matrix. The injection volume must be increased to 5 µL to be able to detect 
2 ng/mL in urine on a 2.1 mm ID column. When analyzing the same amount (5 µL) on a 4.6 mm ID column, buprenorphine could not 
be detected. To achieve approximately the same amount of sensitivity, the injection volume had to be increased to 10 µL. The increase in 
sample volume also means an increase in matrix being injected onto column. To best conserve sample and maximize sensitivity, narrow-bore 
columns are favored. 
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To produce precise and rugged quantitative methods, a resolution of 1.5 or greater should be achieved. In the next example, nine groups of 
drugs of abuse isobars were analyzed on a Raptor Biphenyl 50 x 2.1 mm column and their resolutions calculated using Equation 2.

Figure 3: Chromatogram and Conditions for the Analysis of Isobar Panel
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Column Raptor Biphenyl (cat.# 9309A52)
Dimensions: 50 mm x 2.1 mm ID
Particle Size: 2.7 µm
Pore Size: 90 Å
Guard Column: Raptor Biphenyl EXP guard column cartridge 5 mm, 2.1 mm ID, 2.7 µm (cat.# 9309A0252)
Temp.: 45 °C
Standard/Sample 
Diluent: 50:50 Water:methanol
Conc.: 50 ng/mL
Inj. Vol.: 1 µL
Mobile Phase 
A: Water, 0.1% formic acid
B: Methanol, 0.1% formic acid
 
 Time (min) Flow (mL/min) %A %B
  0.00 0.6 90 10 

 6.00 0.6 25 75 
 7.00 0.6 0 100 
 8.00 0.6 0 100 
 8.01 0.6 90 10 
 9.00 0.6 90 10

Detector Shimadzu 8060
Ion Source: Electrospray
Ion Mode: ESI+
Instrument Shimadzu Nexera X2
Sample Preparation The sample was aliquoted into 2 mL, screw-threat vials (cat.# 21143) and capped with 

short-cap, screw-vial closures (cat.# 24498).

Equation 2: 

Where Rt is the retention time for the compounds that are being compared and W is the width of the peak at baseline.

Resolution (R) = 
Rt1–Rt2

0.5 ( W1 + W2 )
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Table I:  Compound Name; Shared Molecular Weight; Analyte Retention Time (Min); Peak Width; and Calculated Resolution 

between Isobar Groups Using Equation 2

Isobar Group Name Molecular Weight (g/mol) Retention Time (min) Peak Width Resolution

1
Methamphetamine

149.23
1.51 0.091

1.5
Phentermine 1.65 0.096

2
Oxymorphone

301.34
0.92 0.094

7.5
Noroxycodone 1.63 0.094

3
Citalopram

324.39
3.93 0.108

13.7
Alpha-hydroxyalprazolam 5.42 0.109

4
Naloxone

327.27
1.64 0.099

2.0
6-acetylmorphine 1.82 0.082

5

Morphine

285.34

0.85 0.102
2.3

Hydromorphone 1.08 0.097

Norhydrocodone 1.73 0.085 7.1

7-aminoclonazepam 3.09 0.099 14.9

6
Lamotrigine 256.09 2.26 0.093

2.7
Hydroxybupropion 255.74 2.52 0.095

7
Codeine

299.36
1.76 0.088

3.1
Hydrocodone 2.03 0.089

8

O-desmethylvenlafaxine

263.37

2.17 0.091
6.3

Tramadol 2.74 0.091

Mirtazapine 3.33 0.097 6.3

Nortriptyline 4.65 0.110 12.7

9
CBD

314.47
6.74 0.102

2.8
9-THC 7.03 0.104

In this example, all pairs of isobars return a resolution value of 1.5 or greater and are retained well on a 2.1 mm ID column. Several contrib-
uting factors are at play to achieve acceptable resolution, including the superior selectivity of the biphenyl phase, the pairing to superficially 
porous particles, and the narrow-bore column mitigating band-broadening contributions. 

The Green Advantage
The use of narrow-bore column dimensions oftentimes means greener solutions, which in this case means being more environmentally 
friendly while also reducing costs. Smaller ID columns can be advantageous over larger diameter columns when considering the consump-
tion of solvent, as typically the larger the column internal diameter the higher the flow rate. Higher flow rates also hinder ionization 
efficiency for MS detection and can reduce sensitivity. In the following example, DOA isobars are compared using two different internal 
diameter columns, 2.1 and 4.6 mm.
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Figure 4:  22 Isobar Drugs of Abuse Compounds Analyzed on a Raptor Biphenyl Column Using:

A: 0.6 mL/min Flow Rate

B: 0.9 mL/min Flow Rate

Column See notes
Temp.: 45 °C
Standard/Sample 
Diluent: 50:50 Water:methanol
Conc.: 50 ng/mL
Mobile Phase 
A: Water, 0.1% formic acid
B: Methanol, 0.1% formic acid
 
 Time (min) %A %B
  0.00 90 10
  6.00 25 75
  7.00 0 100
  8.00 0 100
  8.01 90 10
  9.00 90 10

Flow: 0.6-0.9 mL/min
  
Detector Shimadzu 8060
Ion Source: Electrospray
Ion Mode: ESI+

Instrument Shimadzu Nexera X2
Sample Preparation Standards were aliquoted into 2 mL, screw-threat vials 

(cat.# 21143) and capped with short-cap, screw-vial 
closures (cat.# 24498).

Notes Figure 4A 
Column: Raptor Biphenyl 50 x 2.1 mm, 2.7 µm  
(cat.# 9309A52) 
Guard: Raptor Biphenyl EXP guard column cartridge  
5 mm, 2.1 mm ID, 2.7 µm (cat.# 9309A0252) 
Inj. Vol.: 1 µL 
Flow (mL/min): 0.6 
 
Figure 4B 
Column: Raptor Biphenyl 50 x 4.6 mm, 2.7 µm  
(cat.# 9309A55) 
Guard: Raptor Biphenyl EXP guard column cartridge  
5 mm, 4.6 mm ID, 2.7 µm (cat.# 9309A0250) 
Inj. Vol.: 2 µL 
Flow (mL/min): 0.9
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4A. 50 x 2.1 mm, 2.7 µm 

 1 µL injection

4B. 50 x 4.6 mm, 2.7 µm 

 2 µL injection



  www.restek.com 7

While the run time does not increase in this example, which can sometimes be the case when transferring to a larger-bore column, the flow 
rate did need to be adjusted from 0.6 mL/min to 0.9 mL/min. This means that the consumption of solvent has increased by one third per 
minute, costing more money than the smaller bore column, and generating more waste. Since acceptable resolution is already achieved on 
the 2.1 mm ID column, there is minimal advantage to moving to larger column IDs. In the long run, smaller columns will ultimately result in 
less solvent consumption and more cost-efficient solutions.

Robustness in matrix
To demonstrate the narrow-bore column’s robustness in matrix over time, 1000 injections were performed on a 2.1 mm ID column in urine 
matrix. The goal of these experiments was to demonstrate column robustness in matrix showing four different metrics: sensitivity, instru-
ment pressure, resolution of a critical pair, and performance of an early-eluting compound. To demonstrate sensitivity, buprenorphine was 
spiked into urine at 2 ng/mL and diluted 30-fold. 

Figure 5:  Lifetime Sensitivity Study of 1000 Injections of Buprenorphine in Urine
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Figure 5 shows the results of the sensitivity study over lifetime for buprenorphine. Buprenorphine was spiked into urine at 2 ng/mL and 
diluted in solvent 30-fold. Injection 1 in the lifetime study returned 1464 counts for peak area and 487 counts for peak height. Injection 1000 
returned 1402 counts for peak area and 430 counts for height. The percent difference over the lifetime of the column was calculated to be 4% 
for peak area between injection 1 and 1000 demonstrating that sensitivity of the analyte has not deteriorated over time. 

To demonstrate resolution stability over a 1000 injection lifetime study, phentermine and methamphetamine were spiked into urine at 2 
ng/mL and diluted 30-fold. The retention time and peak width were extracted for injection 1 and 1000 and their resolution calculated. 
Resolution between the critical pairs was able to be maintained over the lifetime study and can be seen in Figure 6.
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Figure 6:  Lifetime Resolution Study of 1000 Injections of a Critical Pair, Phentermine and Methamphetamine, in Urine
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An early-eluting compound, morphine, was spiked into urine and shown over the lifetime study to demonstrate robustness in matrix and 
can be seen in Figure 7. While there is a decrease in sensitivity across 1000 injections, the column still demonstrates comparable retention to 
the first injection. 
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Figure 7:  Lifetime Study of 1000 Injections of an Early-Eluting Compound, Morphine, In Urine
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Finally, pressure profiles were collected from runs 1 and 1000 to compare. The pressure profiles were nearly identical, as seen in Figure 8, and 
demonstrate that debris is not being collected, and that the narrow-bore column is able to analyze matrix samples without increasing pres-
sure or clogging. 
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Figure 8: Pressure Profiles for Runs 1 and 1000 in Urine Matrix on Raptor Biphenyl 50 x 2.1 mm, 2.7 µm Column

Conclusions
When choosing a column dimension for analysis, it’s important to keep in mind the benefits of narrow-bore columns. Small ID columns can 
be beneficial in the reduction of solvent and sample consumption for greener solutions and cost savings. The 2.1 mm ID columns demon-
strate superior sensitivity over the 4.6 mm ID columns due to column efficiency, less analyte dilution, and reduced band broadening, while 
still achieving acceptable resolution for critical pairs. Even in matrix, the narrow-bore columns are reproducible and robust after repeat injec-
tions without increasing backpressure or clogging.
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Raptor Biphenyl HPLC Columns

• Ideal for bioanalytical testing applications like drug and metabolite analyses.

• Heightened selectivity and retention for compounds that are hard to resolve or elute early 
on C18 and other phenyl chemistries.

• Limits ionization suppression and allows simple, MS-friendly mobile phases.

• Part of Restek’s Raptor LC column line featuring 1.8, 2.7, and 5 µm SPP core-shell silica.

ID Length Particle Size Units Cat.#

2.1 mm 50 mm 2.7 µm ea. 9309A52

4.6 mm 50 mm 2.7 µm ea. 9309A55

Raptor Biphenyl EXP Guard Column Cartridge

• Free-Turn architecture lets you change cartridges by hand without breaking inlet/outlet 
fluid connections—no tools needed.

• Patented titanium hybrid ferrules can be installed repeatedly without compromising 
high-pressure seal.

• Auto-adjusting design provides zero dead volume connection to any 10-32 female port.

• Guard column cartridges require EXP direct connect holder (cat.# 25808).

• Pair with EXP hand-tight fitting (cat.# 25937–25938) for tool-free installation.

ID Length Particle Size Units Cat.#

2.1 mm 5 mm 2.7 µm 3-pk. 9309A0252

4.6 mm 5 mm 2.7 µm 3-pk. 9309A0250

EXP Direct Connect Holder for EXP Guard Cartridges

• Free-Turn architecture lets you change cartridges by hand without breaking inlet/outlet 
fluid connections—no tools needed.

• Patented titanium hybrid ferrules can be installed repeatedly without compromising 
high-pressure seal.

• Auto-adjusting design provides zero dead volume connection to any 10-32 female port.

• EXP direct connect holder requires separate guard column cartridges; available from 
Restek in 2.1, 3.0, and 4.6 mm.

• Pair with EXP hand-tight fitting (cat.# 25937–25938) for tool-free installation.

Name Units Cat.#

EXP Direct Connect Holder for EXP Guard Cartridges ea. 25808

EXP Hand-Tight Fitting (Nut w/Ferrule)

• Hand-tight fitting style achieves effortless HPLC seals without tools for a 8700+ psi seal.

• Both hand-tight and hex-head styles wrench tighten for reliable UHPLC use up to 
20,000+ psi!

• Patented ferrule can be installed repeatedly without compromising high-pressure seal.

• Hybrid design combines the durability of titanium with the sealing ability of PEEK.

• Cutting-edge system provides zero dead volume connection to any 10-32 female port.

• Compatible with 1⁄16" PEEK and stainless-steel tubing.

Name Units Cat.#

EXP Hand-Tight Fi�ing (Nut w/Ferrule) ea. 25937

EXP Hand-Tight Fi�ing (Nut w/Ferrule) 10-pk. 25938
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Pro EZLC Chromatogram Modeler
Create Drugs of Abuse Methods in Minutes

Free to use—no data required!

• Cut method development time and cost dramatically with highly accurate simulated separations. 

• Explore different LC columns and conditions virtually so lab instruments stay online running samples.

• Refine methods in real time to instantly optimize performance for critical separations.

Restek’s new Pro EZLC chromatogram modeler is an easy-to-use yet powerful tool that speeds up LC 

method development significantly. Simply input your compound list (no data needed), and the free 

software generates an instrument-ready set of conditions that you can either take to the bench or opti-

mize further to meet specific method requirements.

Try it today!   www.restek.com/proezlc


