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RM-RILC (Lot# 20140827)    
Reference material for measurement of liquid chromatography retention indices

RM-RILC is a reference material (RM) designed for measurement of liquid chromatography (LC) retention
indices (RIs) based on N-alkylpyridinium-3-sulfonates (NAPS) [1]. RM-RILC is a solution of 20 homologous
NAPS compounds, in methanol with ~1% water, with RI values defined as 100 x (n +1). The RI values range
from 100 to 2000.

Table 1: Concentrations of N-alkylpyridinium-3-sulfonates (NAPS) in RM-RILC.

Compound µmol/L (15-30 °C)

NAPS n = 0-2 45 ± 5

NAPS n = 3-19 100 ± 10

N-alkylpyridinium-3-sulfonate (NAPS) standards

Period of validity: 3 years from date of sale
Storage conditions: ~ +4 °C



NRC RM-RILC 2/10

Intended Use

Analytical methods based on liquid chromatography (LC) separation followed by ultraviolet absorbance (UV)
or mass spectrometry (MS) detection are used for analysis of a wide range of substances. The identification
of compounds present in samples frequently includes a match of chromatographic retention time of authentic
chemical standards with those of putative compounds observed in a sample. However, the absolute
retention times of analytes can be highly variable between different laboratories and instruments. Analysis
of reference standards with each batch of samples increases the analytical workload and cost. In many
cases, reference standards are not commercially available for all compounds of interest. A useful way to
evaluate and report retention time data is through the use of “retention index (RI)” values [2]. In this
procedure, a series of homologous reference compounds is co-injected with the sample. An interpolation of
analyte retention times into a fitted curve of the plot of retention time versus RI value for the reference
compounds produces a RI value for each analyte. Several different RI systems have been reported for use
in LC-UV analysis [3] but the chemical standards used in those systems have a number of limitations
such as poor response in LC-MS, incomplete coverage of the retention time range, or lack of commercial
availability.

RM-RILC is intended for the measurement of RIs of various compounds in gradient elution reversed phase
LC systems using MS or UV detection. This is accomplished by measuring the retention times of analytes
in samples relative to the retention times of the NAPS standards. RM-RILC is also useful for predicting the
retention time of analytes based on previously documented RI values and for testing analytical instrument
performance for system suitability.

Instructions for Storage and Use

To ensure the stability of RM-RILC, ampoules should be stored in the dark at +4 °C. It has been observed
that some of the longer chain NAPS compounds can precipitate or adsorb on glass surfaces if stored in
a freezer.

Prior to opening, each ampoule should be equilibrated to room temperature for a period no less than 2 h
and the contents mixed thoroughly. The ampoule should be opened at the pre-scored mark. Once an
ampoule has been opened, the contents should be transferred to a screw-cap vial for further use and
storage.

An aliquot of RM-RILC can be mixed or co-injected with samples. Alternatively, it can be run separately by
itself each day if the instrument has good retention time reproducibility. The concentration of RM-RILC to
use or the volume to inject depends on the internal diameter of the LC column and the sensitivity of the
instrument. Typically, with a method using a 2 mm i.d. column and a moderately sensitive LC-MS system,
only 0.1 to 0.5 L needs to be injected for a good signal. Note that large injections of neat RM-RILC can
cause band broadening of the early eluting NAPS compounds due to the high methanol content of the
RM. For co-injection with the sample, a volume ratio of RM to sample of 1:5 to 1:25 should be suitable.

The NAPS standards [1] in RM-RILC have been designed with two permanently ionized functions
(quaternary amine and sulfonate), which enhance detectability in LC-MS in both positive and negative
ion modes. The NAPS standards also have a good UV chromophore with an absorbance maximum at
265 nm. In positive ion electrospray ionization MS, the NAPS molecules are protonated to form [M+H]+
ions (Figure 1a). In negative ion mode, a formate attachment ion, [M+HCOO]-, is formed (Figure 1c).
Collision-induced dissociation gives common ions at m/z 160 and 79 in positive mode and m/z 80 in
negative mode (Figures 1b and 1d). These can be created by using either a high orifice potential or
MS/MS in a collision cell. The proposed fragmentation mechanisms are shown in Figure 2. Analysis can
be conducted using selected ion monitoring or selected reaction monitoring using individual ion masses
or mass transitions, respectively (Table 2). Alternatively, a high orifice voltage plus an m/z 160  160
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transition at low collision energy may be used. Full scan MS methods, with or without alternating
fragmentation scans, can also be used.
The NAPS standards show excellent chromatographic behavior in gradient elution reversed phase LC
covering elution from 100% aqueous to 100% organic, thus allowing the measurement of RIs of very
polar to very lipophilic compounds. Figure 3 shows the analysis of RM-RILC by LC-UV and LC-MS,
respectively. The NAPS standards have an overall neutral charge state that will not vary significantly with
changes in the mobile phase pH, so their retention times are not sensitive to mobile phase pH changes.

A plot of retention time vs. RI value (100 x carbon length) and a linear interpolation between points or a
cubic spline fit results in a calibration curve such as that shown in Figure 4. The shape and slope of this
line will vary depending on the LC pump, column length, mobile phase flow rate and the gradient
conditions.

Preparation of RM-RILC

The NAPS standards were prepared by reacting a series of n-alkyl halides with 3-pyridinesulfonic acid,
followed by purification with C18-silica column chromatography or solid phase extraction depending on the
polarity of the NAPS. The structures of the synthesized compounds were confirmed by LC with high
resolution-mass spectrometry (HRMS). Each NAPS gave the correct accurate [M+H]+ and fragment ion
masses within 2 ppm of calculated. The structures of a sub-set of the NAPS compounds were verified by
proton nuclear magnetic resonance spectroscopy.

The RM-RILC solution was prepared by mixing stock solutions of the 20 individual NAPS standards and
diluting in filtered (0.2 µm) and degassed methanol with approximately 1% water. The final RM solution
was dispensed into glass ampoules pre-filled with argon and then immediately flame-sealed. Each
ampoule contains approximately 0.75 mL of solution.

Analytical Methods and Value Assignment

Concentration information values were assigned to RM-RILC through a combination of data from quantitative
NMR [4] on a sub-set of the NAPS compounds and by LC-UVD-CAD measurements on the final RM.

Homogeneity

A representative number of RM-RILC ampoules (n = 17) were selected from across the fill series and
NAPS response was measured using LC-UVD. Results were evaluated using ANOVA and no significant
heterogeneity was detected.

Stability

Stability studies have demonstrated good long-term stability of RM-RILC solutions stored in sealed
ampoules at +4, +20 and +40 °C, with no detectable decomposition observed over a period of 1 year
within the limits of uncertainty of the analytical method (LC-UVD).

Safety Instructions

The solution of NAPS compounds (RM-RILC) should be handled with due care using appropriate
personal protective equipment. Inhalation and ingestion of methanol is harmful. Only qualified personnel
should handle the solution and appropriate disposal methods should be used. Heavy gloves and eye
protection should be used when opening the ampoule in the event the glass shatters. A safety data sheet
(SDS) is available for RM-RILC.
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Period of Validity

If stored unopened at the recommended storage conditions (~+4°C and in the dark), the assigned
concentration of RM-RILC is valid for 3 years from the date of sale.
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Figure 1: Positive (a, b) and negative (c, d) mass spectra of the C10-NAPS acquired on an Exactive
Orbitrap MS without fragmentation (a, c) or fragmentation with HCD (b, d).
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Figure 2: Ionization and fragmentation characteristics of the C10-NAPS.
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Table 2: Mass spectral data for the NAPS standards.
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Figure 3: LC-UV (top) and LC-MS (bottom) analysis of RM-RILC. Peaks are labelled with the RI values
of the 20 NAPS standards. LC conditions: 2.7 µm Poroshell 120Å SB-C18 column (150 × 2
mm); solvent A = H2O with 50 mM HCOOH, 2 mM HCOONH4; solvent B = CH3CN with 50
mM HCOOH, 2 mM HCOONH4; gradient = 5-100% B in 30 min; flow = 0.25 mL/min.
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Figure 4: A plot of retention times versus RI values for NAPS standards. A linear interpolation or a cubic
spline fit (shown here) results in a calibration curve for determining the RI values of analytes.
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