QH“y) Designation: E 1303 — 95 (Reapproved 2000)

Practice for
Refractive Index Detectors Used in Liquid Chromatography

This standard is issued under the fixed designation E 1303; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope may be adapted for use at whatever conditions may be chosen

1.1 This practice is intended to describe tests used t&r other reasons.
evaluate the performance and to list certain descriptive speck
fications of a refractive index (RI) detector used as the o = .
detection component of a liquid chromatographic (LC) system. 4-1 Descriptions of Terms Specific to This Standard

1.2 This practice is intended to describe the performance of 4-1.1 short term noise-This noise is the mean amplitude in

the detector both independent of the chromatographic systefgfractive index units (RIU) for random variations of the
(static conditions, without flowing solvent) and with flowing detector signal having a frequency of one or more cycles per

Noise, Drift, and Flow Sensitivity

solvent (dynamic conditions). min. Short term noise limits the smallest signal detectable by
1.3 The values stated in SI units are to be regarded as tHf¥! RI detector, limits the precision attainable and sets the lower
standard. limit on the dynamic range. This noise corresponds to observed

1.4 This standard does not purport to address all of thenoise of the RI detector only. (The actual noise of the LC
safety concerns, if any, associated with its use. It is theyStém may be larger or smaller than the observed value,
responsibility of the user of this standard to establish appro-dépending upon the method of data collection, or signal
priate safety and health practices and determine the applicaMenitoring of the detector, since observed noise is a function of

bility of regulatory limitations prior to use. the frequency, speed of response and the band width of the
recorder or other electronic circuit measuring the detector
2. Referenced Documents signal.)
2.1 ASTM Standards: 4.1.2 long term noise-this noise is the maximum ampli-

E 386 Practice for Data Presentation Relating to Hightude in RIU for random variations of the detector signal with
Resolution Nuclear Magnetic Resonance (NMR) Spectrosfrequencies between 6 and 60 cycles per h (0.1 and 1.0 cycles

Copy? per min). It represents noise that may be mistaken for a
late-eluting peak. This noise corresponds to the observed noise
3. Significance and Use only and may not always be present.

3.1 Although it is possible to observe and measure each of 4.1.3 drift—the average slope of the long term noise enve-
several characteristics of a detector under different and uniquéPe expressed in RIU per hour as measured over a period of
conditions, it is the intent of this practice that a complete set ot h.
detector test results should be obtained under the same oper-4.1.4 static—refers to the noise and drift measured under
ating conditions. It should also be noted that to specifyconditions of no flow. _ _
completely a detector’s capability, its performance should be 4.1.5 dynamie—refers to the noise and drift measured at a
measured at several sets of conditions within the useful rangéow rate of 1.0 mL/min.
of the detector. 4.1.6 flow sensitivity—the rate of change of signal displace-

3.2 The objective of this practice is to test the detector undefent (in RIU) vs flow rate (in mL per min) resulting from step
specified conditions and in a configuration without an Lcchanges in flow rate calculated at 1 mL per min as described in
column. This is a separation independent test. In certai}-3-12. N
circumstances it might also be necessary to test the detector in4-2 Test Conditions
the separation mode with an LC column in the system, and the 4.2.1 The same test solvent must be used in both sample and
appropriate concerns are also mentioned. The terms and tesgference cells. The test solvent used and its purity should be

described in this practice are sufficiently general so that thepPecified. Water equilibrated with the laboratory atmosphere
containing minimum impurities is the preferred test solvent for

1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular mea;urmg n.OI.Se .and dl‘l.ft. Wat_er for this purpose (preferably
Spectroscopy and is the direct responsibility of Subcommittee E13.19 on Chromapu”f'ed by distillation, deionization or reverse 05m03|s) should
tography. be drawn, filtered through a 0.45 um filter and allowed to stand

Current edition approved May 15, 1995. Published July 1995. Originally jn a loosely covered container for several hours at ambient

p“tz"fgﬁgaﬁgofgf gséfm'g?nzz‘é;’o‘fsogdégon E 1303 -89. temperature in the laboratory in which testing is to be carried
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out. This will ensure complete equilibration of the water with should be obtained to determine if they can be decoupled for
the gases in the laboratory atmosphere. testing. Set the recorder zero to near mid-scale. Record at least
N _ N . - 1 h of baseline under these static conditions, during which time
ote 1—It is essentially impossible to maintain a constant RI value of

de-gassed water and of very dilute samples in de-gassed water. This is dm)e ambient temperature should not change by more than 2°C.

to the fact that the difference in refractive index between completely Note 2—RI detectors will have one or more controls labeg®nua-

- ) s
de-gassed water and atmosphere-equilibrated water ix 1G°RIUS  jon range, sensitivityandscale factor All are used to set the full scale

Thus, small differences in the concentration of dissolyeo_l gases betwee_*rgnge (in RIU) of an output display device such as a strip chart recorder.
sample and the trapped reference can lead to significant errors in

measurement of solutions where the expected difference in RI due to 4.3.5 Draw pairs of parallel lines, each betwééto 1 min
solute is of the order of T6RIU or less. Therefore, in order to minimize in length, to form an envelope of all observed random
error in determining samples with small RIU differences between themyariations over any 15 min period (Fig. 1). Draw the parallel
atmosphere-equilibrated water (5.2.1) is recommended as the solvent fes in such a way as to minimize the distance between them.
determining linearity and minimum detectability (Section 5). Measure the distance perpendicular to the time axis between

4.2.2 The detector should be located at the test site anghe parallel lines. Convert this value to RIU (4.2.9). Calculate
switched on at least 24 h prior to the start of testing. Somehe mean value over all the segments; this value is the static
detectors provide an oven to thermostat the optics assemblghort term noise.

The oven should be set at a suitable temperature, following the 4.3.6 Now mark the center (center of gravity) of each
manufacturer's recommendations, and this temperature shousggment over the 15 min period of the short term noise
be noted and maintained throughout the test procedures. measurement. Draw a series of parallel lines to these centers,

4.2.3 Linearity and speed of response of the recorder ogach 10 min in length (Fig. 1), and choose that pair of lines
other data acquisition device used should be such that it doeghose distance apart perpendicular to the time axis is greatest.
not distort or otherwise interfere with the performance of theThis distance is the static long term noise.
detector* If additional amplifiers are used between the detector 4.3.7 Draw the pair of parallel lines, overethl h of
and the final readout device, their characteristics should alsmeasurement, that minimizes the distance perpendicular to the
first be established. time axis between the parallel lines. The slope of either line,

4.3 Methods of Measurement

4.3.1 Conneca 1 m (39.37 in.) length of clean, dry,
stainless steel tubing of 0.25 mm (0.009 to 0.01 in.) inside
diameter in place of the analytical column. The tubing can be
straight, or coiled to minimize the space requirement. The
tubing should terminate in standard low dead volume fittings to\
connect with the detector and to the pump. Commercial
chromatographs may already contain some capillary tubing to
connect the pump to the injection device. If this is of a similar
diameter to that specified, it should be included in the 1.0 m
length; if significantly wider, it should be replaced for this test.

4.3.2 Repeatedly rinse the reservoir and chromatographic
system, including the detector, with the test solvent prepared as
described in 4.2.1, until all previous solvent is removed from
the system. Fill the reservoir with the test solvent.

4.3.3 Thoroughly flush the reference cell with the same
solvent; keep the reference cell static.

4.3.3.1 It may be necessary to flush both sample and"
reference cells with an intermediate solvent (such as methanol |
or acetone), if the solvent previously used in the system is
immiscible with the test solvent.

4.3.4 Allow the chromatographic system to stabilize for at
least 60 min without flow. The detector range, Note 2, should
be set such that the amplitude of short term noise may be easily
measured. Ideally, the output should contain no filtering of the
signal. If the filtering cannot be turned off, the minimum time «
constant should be set and noted in the evaluation. Manuals G TIME AX|S —»
manufacturers should be consulted to determine if time con
stant and detector range controls are coupled, and information
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3 Munk, M. N., Liquid Chromatography Detector§T. M. Vickrey, Ed.), Marcel . 60 minutes
Dekker, New York and Basel, 1983, pp. 165-204. ' -
4Bonsall, R. B., “The Chromatography Slave—The Recordaoyirnal of Gas FIG. 1 Examples for the Measurement of Short Term Noise, Long
Chromatography\Vol 2, 1964, pp. 277-284. Term Noise and Drift
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measured in RIU/h, is the static drift. T T T T
4.3.8 Set the solvent delivery system to a flow rate that has

previously been shown to deliver 1.0 mL per min under the [ Rls

same conditions of capillary tubing, solvent, and temperature.

Allow at least 15 min to stabilize. Set the recorder zero neaZ

mid-scale. Record at le$ h of baseline under these flowing £

conditions, during which time the ambient temperature should; | Rl;

not change by more than 2°C. T e ettty
4.3.9 Draw pairs of parallel lines, measure the perpendiculals a4 TANGENT

distances and calculate the dynamic short term noise, in thg AT I mL/min

manner described in 4.3.5 for the static short term noise. W
4.3.10 Make the measurement for the dynamic long terngg

noise following the procedure outlined in 4.3.6. o
4.3.11 Draw the pair of parallel lines as directed in 4.3.7.x«

The slope of this line is the dynamic drift.
4.3.12 Stop the chromatographic flow. Allow at least 15 min

for re-equilibration. Set the recorder at about 5 % of full scale Rl, ) )

and leave the detector range setting at the value used for the o 05 10 20 40

noise measurements. Set the solvent delivery system at a flow FLOW RATE (mL/min)

rate of 0.5 mL per min. Run for 15 min, or more if necessary  FIG. 3 Example of Plot for Calculation of Flow Sensitivity

for re-equilibration, at a slow recorder speed. Increase the flow

rate to 1.0 mL per min and record for 15 min or more. Run alyice the static short-term noise.

2.0, 4.0 and 8.0 mL per miif the pressure flow limit of the 5 1 1 1 piscussion-The static short-term noise is a mea-

chromatographic system is not exceedédecessary, adjust ¢,rement of peak-to-peak noise. A statistical approach to noise

the detector range to maintain an on-scale response. suggests that a value of three times the rms (root-mean-square)
4.3.13 Draw a horizontal line through the plateau produced,yise would insure that any value outside this range would not

at each flow rate, after a steady state is reached (Fig. 2} noise with a confidence level of greater than 99 %. Since
Measure the vertical displacement between these lines, ar}ﬂeak—to—peak noise is approximately five times the rms

expressin RIU (4.2.9). Plot these values versus flow rate. Dra\%iséx,s, the minimum detectability defined in this Practice is a

a smooth curve connecting the points and dra\_/v a tangent at o e conservative estimate. Minimum detectability, as defined
mL per min (Fig. 3). Express the slope of the line as the flowi, his practice, should not be confused with the limit of

sensitivity in RIU min per mL. It is preferred to give the getection in an analytical method using a refractive index

FLOW SENSITIVITY
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numerical value and show the plot as well. detector.
5. Minimum Detectability, Linear Range, Dynamic 5.1.2 sensitivity (response facterjthe signal output per
Range, and Calibration unit concentration of the test substance in the test solvent, in

5.1 Descriptions of Terms Specific to this Standard accordance with the following relationship:

5.1.1 minimum detectability-that concentration of a spe- S=RIC @
cific solute in a specific solvent that gives a signal equal to

where:

T T T T T

sensitivity (response factor), RIU-L/g,

measured detector response, RIU, and

concentration of the test substance in the test solvent
g/L.

5.1.3 linear range—the range of concentrations of the test
substance in the test solvent, over which the sensitivity of the
detector is constant to with 5% as determined from the
linearity plot specified in 5.2.13. The linear range may be
expressed in three different ways:

5.1.3.1 As the ratio of the upper limit of linearity obtained
from the linearity plot, and the minimum linear concentration,
both measured for the same test substance in the same test
solvent as follows:

F-RI 4.0 mL/min —

Py
I

- 2.0 mL/min

RECORDER DEFLECTION

LR = Crax/Crin 2

| | 1 1 1
o] 15 30 45 60 75 90

TIME (min) 5Blair, E. J., Introduction to Chemical InstrumentatiptMcGraw-Hill, New
FIG. 2 Example for the Measurement of Flow Sensitivity York, NY, 1962, Practice and E386.
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where: TABLE 1 Concentrations of Test Solutions
L.R. = linear range of the detector, Relative Actual Concentration Theoretical RI
Crax = upper limit of linearity obtained from the linearity Concentration @y Difference (RIU)
plot, g/l_7 and 50.0 43.6 5x 1073
Coin = Mminimum linear concentration g/L, as defined in 200 e iiigi
5.2.13.1, the minimum linear concentration should 5.0 436 5 % 10~
also be stated. 2.0 1.74 2x 107
5.1.3.2 By giving the minimum linear concentration and the é'g 2;2 § igj é i ig::
upper limit of linearity (for example, from 8.72 10 3g/L to 0.2 1.74 % 102 2% 10
8.72x 107t g/L). 01 8.72 X 10 1107
5.1.3.3 By giving the linearity plot itself, with the minimum s 1% ig:i o igiz
linear concentration and the upper limit of linearity indicated 0.01 8.72 x 107 1% 107
on the plot.

5.1.4 Dynamic Range-That range of concentrations of the
test substance in the test solvent, over which an incrementafobile phase and sample diluent for this procedure, it is
change in concentration produces an incremental change gfvisable to apply a slight back pressure to the sample cell to
detector signal. The upper limit is the highest concentration aprevent outgassing in the cell. This may be safely achieved by
which a slight further increase in concentration will give anplacing the solvent waste container on a shelf above the
observable increase in detector signal. The dynamic range fietector. Avoid backpressure >690 KPa (100 psi), to prevent
the ratio of these upper and lower limits. The dynamic range igell rupture.
larger than or equal to the linear range, but obviously cannot be 5.2.6 Measure the detector response under static conditions
smaller. The dynamic range may be expressed in three differefer each of the solutions prepared in 5.2.4. Introduce the
ways: solutions conveniently using a liquid chromatography solvent
5.1.4.1 As the ratio of the upper limit of dynamic range todelivery system and an injector equippediwét 5 mLsample
the minimum detectability. The minimum detectability mustloop. (Twenty feet of 1.02-mm (0.04-in.) inside diameter
also be stated. stainless steel tubing has a volume of about 5 mL.) For each
5.1.4.2 By giving the minimum detectability and the uppermeasurement, pump atmosphere-equilibrated water through
limit of dynamic range (for example from 20 10 3g/L to  the sample cell until the baseline is stable. Stop the flow and

17.4 g/L). note the position of the baseline on the chart. Load the injector
5.1.4.3 By giving the dynamic plot itself with the minimum With the test solution and pump the solution into the sample
detectability indicated on the plot. cell. The recorded signal on the chart will change. When the
5.2 Method of Measurement recorded signal for the test solution has stabilized, again stop

5.2.1 Water drawn for the mobile phase and sample dilutiorthe flow and note the position of the signal on the chart. Adjust
(preferably purified by distillation, deionization or reverse the detector range so that the distance from the water baseline
osmosis) should be allowed to stand for several hours at th&® the test solution signal can be easily measured. Finally,
temperature of the room in which the testing is to be carriedestart the flow to flush the test solution from the sample cell.
out. This will ensure complete equilibration of the water with Repeat this process 3 to 5 times for each test solution.
the gases in the laboratory atmosphere (refer to Note 1).  Depending on the configuration of the detector, a second pump

5.2.2 Because a X 10 “RIU difference is near the middle may be required to deliver water to the reference cell. As an
of the operating range for most refractive index detectors, thélternative, fill and flush the sample cell manually using a 10
solution that gives X 10“RIU when measured against water ML syringe to deliver 5 to 10 mL of solution.
is chosen as the normal solution and defined to have the value 5.2.7 The detector response is the distance in centimetres on
of 1.5 Note the detector range setting at which the normathe chart from the water baseline to the test solution signal.
solution produces a near full scale deflection and term thi§€alculate an average value for the 3 to 5 replicates for each test
normal range setting. solution.

5.2.3 Weigh out 43.6 g of glycerin (USP) and dissolve in 1 5.2.8 Multiply the measured detector responses by an ap-
L of the atmosphere-equilibrated purified water. This stockPropriate scale factor so that all responses correspond to the
solution is 50 times the concentration of the normal solutiordetector range setting used for the measurement of the response
(5.2.2) used for calibration and is assigned a normalize®f the normal solution @ =0.872 g/L). For example, if a
concentration of 50. setting of 16 is used for the normal solution and lower values

5.2.4 Serially dilute the stock solution (5.2.2) to 0.01 for detector range correspond to a larger full scale response,
relative concentration according to Table 1. Use the stockhen a response measured at a range setting of 2 must be
solution and the diluted solutions for linearity and dynamicmultiplied by 8 to give the scaled response. Similarly, a
range testing. response measured at a range setting of 64 must be multiplied

5.2.5 Because atmosphere-equilibrated water is used as th¥ ¥to give scaled response.

5.2.9 Calibrate the chart in RIU/cm. Measure the detector

Scott, R. P. W., “Liquid Chromatography Detectors,” 2nd editidoyirnal of responses.(5.2.7) fO.I‘ the test solutions of 1'(.) and 0.5_re|at|ve
Chromatography LibraryVol 33, Elsevier Scientific Publishing Co., Amsterdam, CONCentration at a single detector range setting at which both
1986. This reference is given for general reading. signals are on scale. Given that the refractive index difference
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from water for a relative concentration of 1 isfRIU, the in the linearity plot. Give the upper limit of linearitg,,,.,, by
refractive index difference between the 0.5 and 1.0 concentrahe intersection_of the line through the data points with the
tion solutions will be 5< 107 °RIU. Calculate the response per value of 0.95X S The minimum linear concentratioB, ;,, is
centimetre (calibration factor) by dividing$ 10 °RIU by the ~ the greater of the lowest measured concentration or the
difference in the two detector responses (expressed in ceniintersection of the line through the data points with either
metres). 0.95X Sor 1.05X S (Note 3). Report the linear range as
5.2.10 Convert the detector responses to RIU using thepecified in 5.1.3.1.
calibration factor determined in 5.2.9. P_repare a Table 2 for the Note 3—If the minimum detectability (see 5.2.11.2) falls below the
data based on Te_‘bles 3-5 that ?‘re typical data: . minimum linear concentration defined above, the linear range cannot be
5.2.11 Determine the dynamic range and minimum detectaxtrapolated to the minimum detectability.
ability of the detector as follows: . . - .
5.2.11.1 Plot the scaled detector response (Table 2) versu55'2.'13'2 If the linearity plot |nd|ca§es that the detector 1S
actual concentration on rectilinear graph paper, and draw gon—llngar at any of thg concentrations used to determine
smooth curve through the data points as shown in Fig. 4. Th thraﬂon, rlepeat the calibration using concentratl_ons ?hat fall
upper limit of the dynamic range is the concentration at WhichWlthln the linear range of _t_h_e_ detector. If recallbrathn IS
the slope of the line becomes zero, or the largest measuriﬁ)cessary' recalculate sensitivities and prepare a new linearity
concentration if zero slope is not reached. If necessary, use t . . . .
solutions of higher concgntration than those specifiedyin Table °-2-14 Whe_n _minimum detectability determéned by this
1 if the detector is capable of measuring refractive inde ethodology is _|nd|cated to be well belowx110° .RlU and
changes greater than 5:010°RIU. the detector beln_g used in an LC method requires measure-
5.2.11.2 Determine the minimum detectability (minimum MeNts of refractive index differences of BIU or less,
detectable concentration) of the test substance by finding th%emon_strate_ the I|r_1ear|ty of the method n _that region by
concentration that would correspond to twice the static Short@naly2|ng suna_bly diluted stgndard ;a_mples injected on the LC
term noise. Either use the plot prepared in 5.2.11.1 (Fig. 4) ofolumns used in the analysis. In this instance, make dissolved
a log-log plot of the data (Fig. 7) for this purpose. gases elute as one or more air peaks, that must be separated
5.2.11.3 Report the dynamic range as specified in 5.1.4.1.fr0r_n pe_aks of compounds_of interest, otherwise a non-llne_ar
5.2.12 The range of test solutions specified for this tesf2liPration curve might exist. An example chromatogram is
cover a range of refractive index differencex8.0°RIU to shovyn in Fig. 13, and operating condmon_s are hoted in the
1 X 10 °RIU relative to water and is not intended to span thecaption. In thege_ situations, prepare cghbraﬂon curve and
entire dynamic range of all detectors. With the stand-alonéInearlty plot for injected samples as in Fig. 10.
detector test procedure described here, small differences i D - D
dissolved gas concentration between samples and reference escription of Detector
make it difficult to obtain reliable measurements of more dilute 6.1 Other factors than those previously detailed are impor-
test solutions. For this reason, the response data may need togat to describe a refractive index detector. These factors are
extrapolated to determine the dynamic range (Fig. 7). sometimes considered convenience items as they either do not
5.2.13 Determine the linear range of the detector as followsdirectly affect performance (as described in the previous
5.2.13.1 Calculate the sensitivity for each of the test solu€valuation section) or do so in an indirect fashion. The factors
tions by dividing the scaled detector response (in RIU) by thedre listed below, while typical values and units are listed in
actual concentration (in g/L). Enter the results in Table 2. Plotfables 6-8.
the sensitivity versus log (concentration) on semi-log paper as 6.2 Display Range of Detecterldentify the highest and
shown in Fig. 10. Draw a smooth line through the data pointslowest settings available at the detector output, expressed in
Fig. 10 represents some responses that might be foun&IU full scale deflection of the recorder specified as standard,
CalculateS, the constant value of sensitivity, by a least square$0 that the designated RIU represents exactly full scale
calculation using the data points on the flat portion of the curv@eﬂegﬂon of that recorder, when zero signal is adjusted to
recorder zero.

TABLE 2 Test Data, Detector 6.3 Light Source—ldentify the light source that illuminates
p—— the sample cell.
Concentration Response  Detector Response Response  Sensitivity 6.4 Cell Volume—ldentify the volume of the cell, where
@) (cm) ~ Range (cm) R RUL) detection takes place, and where mixing occurs.
43.6 6.5 Detector Volume-Identify the total volume of the
174 detector, between the inlet and outlet fittings. The inlet fitting
8.72 . .
436 shall be one capable of connecting directly to a chromato-
1.74 graphic column.
g-%g 6.6 Monitor—Describe the presence or absence of a meter
0174 - - - - - or other device to indicate the amount of light reaching the
8.72 X 1072 sample photodetector. State what the meter measures.
4.36 <10~ 6.7 Calibration Check—Describe presence or absence of
1.74 X 10 . .pe
872 % 10-2 means to adjust the output of the detector to the specified value

without use of an external device.
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TABLE 3 Test Data, Detector A

Concentration (g/L) Response (cm) Detector Range® Scaled Response (cm)© Response (RIU)P Sensitivity (RIU-L/g)F
43.6 16.5 1 528.0 4.26 X 1072 9.77 X 107°
17.4 145 2 232.0 1.87 x 1072 1.07 x 107

8.72 14.7 4 118.0 9.52 x 107 1.09 x 1074

4.36 14.8 8 59.2 4.77 X 1074 1.09 x 107

1.74 11.9 16 23.8 1.92 x 107 1.10 X 107

0.872 12.3 32 12.3 9.92 x 107° 1.14 x 1074

0.436 12.2 64 6.10 4.92 X 10°° 1.13 x 107

0.174 9.7 128 2.43 1.96 x 107™° 1.13 x 107

8.72 X 1072 10.3 256 1.29 1.04 x 107° 1.19 x 1074

4.36 X 1072 10.3 512 0.644 5.19 x 107 1.19 x 107

1.74 X 1072 8.6 1024 0.269 2.17 x 107 1.25 x 107

8.72 x 1073 4.5 1024 0.141 1.14 x 107 1.31 x 1074

A Detector cell temperature is 37°C.

B The values in this column are the actual detector settings used on the specific detector that was used to obtain this data. (1 = maximum RIU full scale, “least sensitive,”
1024 = minimum RIU full scale, “most sensitive.”) Settings for the various test samples may be different for different manufacturer’'s detectors.

€ The “normal range setting” for this detector was 32 (see 4.2.2). Data are responses (cm) calculated for a setting of 32 (for example, for a setting of “8”, multiply peak
height at that setting by 4, since 3%s = 4. For 256, use 3%2s6 = X Ys).

P Data are the scaled responses (cm) multiplied by the calibration factor (RIU/cm) for the “normal range setting.” (See 4.2.9.)

E Data are the responses (in RIU) divided by the corresponding concentrations (in g/L).

TABLE 4 Test Data, Detector B “

Concentration (g/L) Response (cm) Detector Range® Scaled Response (cm)© Response (RIU)? Sensitivity (RIU-L/g)E
43.6 24.4 128 97.6 6.56 x 1074 1.50 X 10°°
17.4 20.1 128 80.4 5.41 x 1074 3.11 X 10°°

8.72 17.6 128 70.4 4.73 x 107 5.42 X 107°

4.36 135 128 54.0 3.63 x 107 8.33 X 10°°

1.74 13.2 64 26.4 1.77 x 1074 1.02 x 1074

0.872 14.2 32 14.2 9.55 x 107° 1.10 x 107

0.436 14.8 16 7.40 4.97 X 107° 1.14 X 1074

0.174 11.7 8 2.93 1.97 X 107° 1.13 x 1074

8.72 X 1072 12.0 4 1.50 1.01 x 107 1.16 x 107

4.36 X 1072 121 2 0.756 5.08 X 10°® 1.17 X 107

1.74 X 1072 9.4 1 0.294 1.98 x 107 1.14 x 1074

8.72 x 1072 4.5 1 0.141 9.48 x 1077 1.09 x 107

A Detector cell temperature is ambient.

B The values in this column are the actual detector settings used on the specific detector that was used to obtain this data. (128 = maximum RIU full scale, “least
sensitive,” 1 = minimum RIU full scale, “most sensitive.”) Settings for the various test samples may be different for different manufacturer’'s detectors.

€ The “normal range setting” for this detector was 32 (see 4.2.2). Data are responses (cm) calculated for a setting of 32 (for example, for a setting of “8”, multiple peak
height at that setting by ¥4, since %s2 = ¥a. For 128, use 12832 = X 4).

P Data are the scaled responses (cm) multiplied by the calibration factor (RIU/cm) for the “normal range setting.” (See 4.2.9.)

E Data are the responses (in RIU) divided by the corresponding concentrations (in g/L).

TABLE 5 Test Data, Detector C

Concentration (g/L) Response (cm) Detector Range? Scaled Response (cm)© Response (RIU)P Sensitivity (RIU-L/g)E
43.6 25 32 5.0 3.34 x10°° 7.66 x 1077
17.4 60.37 32 121.0 8.07 x 107 4.64 X 107°

8.72 54,57 32 109.0 7.27 X 107 8.34 X 107°

4.36 33.77 32 67.4 4.50 X 1074 1.03 x 107

1.74 14.6 32 29.2 1.95 x 1074 1.12 x 1074

0.872 14.7 16 14.7 9.80 X 10°° 1.12 x 107

0.436 14.4 8 7.20 4.80 X 107° 1.10 x 107

0.174 11.6 4 2.90 1.93 X 107° 1.11 X 107

8.72 X 1072 12.0 2 1.50 1.00 X 107° 1.15 X 107

4.36 X 1072 11.1 1 0.697 4.65 X 107 1.07 x 1074

1.74 X 1072 17.4 Ya 0.272 1.81 x 107 1.04 x 1074

8.72 x 1073 10.0 Ya 0.128 8.55 X 1077 9.80 X 10°°

A Detector cell temperature is 35°C.

B The values in this column are the actual detector settings used on the specific detector that was used to obtain this data. (32 = maximum RIU full scale, “least sensitive,”
¥4 = minimum RIU full scale, “most sensitive.”) Settings for the various test samples may be different for different manufacturer’s detectors.

€ The “normal range setting” for this detector was 16 (see 4.2.2). Data are responses (cm) calculated for a setting of 16 (for example: for a setting of “4”, multiply peak
height at that setting by ¥4, since %16 = ¥a. For 32, use 3%16 = X 2).

P Data are the scaled responses (cm) multiplied by the calibration factor (RIU/cm) for the “normal range setting.” (See 4.2.9.)

E Data are the responses (in RIU) divided by the corresponding concentrations (in g/L).

F Recorder full scale response was changed to obtain an on-scale detector response. Measured responses were scaled to 10 mV full scale and entered in this column.

6.8 Estimated Average Lamp LieState the average life of which the cell is guaranteed to operate without leak or
5 or more lamps in continuous operation. breakage.
6.9 Pressure Limit—Identify the operating pressure at 6.10 Method of Heat ExchangeDescribe the means, if
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Dynamic Plot - Detector A
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Upper Limit of Dynamic Range = 43.6 g/L, (See Note).
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Log-Log Plot - Detector A
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Upper Limit = 43.6 g/L (see Note),
Minimum Detectability = 1.15 X 10~ g/L, and

Note 1—The upper limit of dynamic range was established by the Dpynamic Range = 43.6/1.15 x 10~* = 3.79 X 10°
highest concentration solution specified in Table 1. Test solutions of o ) )
higher concentrations may be used to attempt to determine the concen-Note 1—The upper limit of dynamic range was established by the
tration where the slope of the response curve becomes zero. See 5.2.110ighest concentration solution specified in Table 1. Test solutions of

FIG. 4 Dynamic Plot-Detector A

Dynamic Plot - Detector B
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Upper Limit of Dynamic Range = 43.6 g/L
FIG. 5 Dynamic Plot-Detector B
Dynamic Plot - Detector C
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FIG. 6 Dynamic Plot-Detector C

any, by which the temperature of the influent is adjusted to
temperature similar to that of the detector cell.

6.11 Wetted Materials of Cel-ldentify all wetted materials
of detector cell.

higher concentrations may be used to attempt to determine the concen-
tration where the slope of the response curve becomes zero. See 5.2.11.1
FIG. 7 Log-Log Plot-Detector A

Log-Log Plot - Detector B
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Upper Limit = 43.6 g/L,
Minimum Detectability = 5.7 X 10~° g/L, and
Dynamic Range = 43.6/5.7 X 1072 = 7650.

FIG. 8 Log-Log Plot-Detector B

diameter of all tubing connecting the inlet fitting to the detector
cell.

6.13 Specify Type of Photo Detector

6.14 Electronic Filtering Capabilities-Specify range of
time constants available and whether time constants are
coupled to range setting.

7. Standard Values

7.1 The detector characteristics given above, and measured
under the conditions recommended, may be expected to fall
near the values of ranges given in Tables 6-8. The table
indicates the units or way in which the characteristics should be

aexpressed.

8. Keywords
8.1 detectors; linearity; liquid chromatography; noise mea-

6.12 Inlet Tube—Describe the material, length, and internal Surement; refractive index
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Log-Log Plot - Detector C
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Upper Limit = 20 g/L,
Minimum Detectability = 8.81 X 107°g/L, and
Dynamic Range = 20/8.81 X 107°=2.27 X 10°.
FIG. 9 Log-Log Plot—Detector C
Linearity Plot - Detector A
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Upper Limit (Cray) = 10122 =16.6 gL,
Lower Limit (Cyi,) = 10722 = 0.063 g/L, and
Linear Range = Cy,./Cimin = 16.6/0.063 = 263.
FIG. 10 Linearity Plot-Detector A
Linearity Plot - Detector B
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Upper Limit (Cpay) = 109962 = 1,15 g/L,
Lower Limit (Cn) = 10721 = 0.008 g/L, and
Linear Range = Cy,a/Cmin = 1.15/0.008 = 145.
FIG. 11 Linearity Plot-Detector B

Millivolts

Sensitivity

Linearity Plot - Detector C
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Log (Conc.)

Upper Limit (Cpay) = 10°56 = 3.65 gL,
Lower Limit (C,,) = 10718 = 0.015 g/L, and
Linear Range = C,,.x/Ciin = 3.65/0.015 = 243.
FIG. 12 Linearity Plot-Detector C
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Sensitivity

11 12 13 14 15 16 17 18 18
Minutes
Sample—Glucose and Fructose Standard
Column—Calcium Loaded Cation Exchange Resin 7.8 mm X 30 cm
Injection Volume—40 pL
Column Temperature—90°C
Mobile Phase—Water with 50 ppm CaNa,EDTA, 0.6 mL/min
Peaks: 1—Glucose (200 ng)
2—Fructose (200 ng)
3, 4—“Air"
FIG. 13 Example of “Air Peaks” in Chromatogram

20
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TABLE 6 Typical Values for Refractive Index Detector A

Measured Values Units Value
Static short term noise An 7.86 x 107°
Dynamic short term noise An 1.56 x 1078
Static long term noise An 8.39 X 107°
Dynamic long term noise An 1.22 X 1078
Static drift An/h 1.15 x 1077
Dynamic drift An/h 1.19 X 1077
Flow sensitivity An-min/mL 1.40 X 1077
Minimum detectability of glycerol in water Hg/pL 1.15x 107
Linear range (ratio) 2.63 X 10?
Dynamic range (ratio) 3.79 x 10°

Description of Detector, Dimensions and Materials

Display range of attenuator An/mVFS 5X 10735 x 1078
Light source LED
Cell volume uL 10
Detector volume uL Undisclosed
Monitor Digital Display (%FS)
Calibration check None
Estimated average lamp life h Undisclosed
Pressure limit kPa 667
Method of heat exchange Countercurrent-inlet and outlet tubing
Wetted materials of cell Undisclosed
Inlet tube, material, length, ID —, mm, mm 310 stainless steel, undisclosed, 0.23 mm
Photodetector type Photodiode
Filtering seconds 0.2, 1.0, 3.0, 10.0 Independent of attenuation

TABLE 7 Typical Values for Refractive Index Detector B

Measured Values Units Value
Static short term noise An 3.3x1077
Dynamic short term noise An 3.4 x 1077
Static long term noise An 2.3x 1077
Dynamic long term noise An 2.1x1077
Static drift Anfh 2.5 %1077
Dynamic drift An/h 7.5 x 1077
Flow sensitivity An-min/mL 6.3x 1078
Minimum detectability of glycerol in water Hg/pL 5.7 x 1073
Linear range (ratio) 1.45 X 102
Dynamic range (ratio) 7.65 X 10°

Description of Detector, Dimensions and Materials

Display range of attenuator An/mVFS 3 X 107°—6 x 10°°
Light source Incandescent lamp
Cell volume puL 10

Detector volume uL 25

Monitor none

Calibration check none

Estimated average lamp life h 50 000

Pressure limit kPa 667

Method of heat exchange Heat sink

Wetted materials of cell Glass

Inlet tube, material, length, ID —, mm, mm 316 stainless steel, undisclosed, 0.23 mm
Photodetector type Photodiode

Filtering seconds <1 (Attenuation 1-128)

10 (Attenuation Y2, ¥a)
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TABLE 8 Typical Values for Refractive Index Detector C

Measured Values Units Value

Static short term noise An 3.99 x 107°
Dynamic short term noise An 8.76 x 107®
Static long term noise An 7.63 x 107°
Dynamic long term noise An 1.12 x 1078
Static drift An/h 7.23 x 1078
Dynamic drift An/h 1.86 x 1078
Flow sensitivity An-min/mL 9.18 X 1077
Minimum detectability of glycerol in water Ha/pL 8.81 x 107
Linear range (ratio) 2.43 x 10?

Dynamic range (ratio) 2.27 x 10°

Description of Detector, Dimensions and Materials

Display range of attenuator An/mVFS 3.2 X 10745 x 10°®

Light source Incandescent lamp

Cell volume puL 7

Detector volume uL Undisclosed

Monitor none

Calibration check none

Estimated average lamp life h Undisclosed

Pressure limit kPa 686

Method of heat exchange Heat sink

Wetted materials of cell Undisclosed

Inlet tube, material, length, ID —, mm, mm Undisclosed,
Undisclosed, 0.25 mm

Photodetector type Photodiode

Filtering seconds Undisclosed

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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