AATCC TM182-2021

Test Method for Relative Color Strength of Dyes in Solution

1. Purpose and Scope

1.1 This is a test method to determine
the color strength of a dye sample relative
to a reference dye by means of spectro-
photometric transmittance measurements
on solutions of each. It is a comparison of
the color strength of the dyes in a chosen
solvent which may or may not corre-
spond to strengths when applied to a tex-
tile substrate.

1.2 To be valid as a measurement of
the relative color strength of a dye for a
particular textile end-use, additional tests
must be performed to demonstrate that
the relative strength in solution is equal to
the relative strength when applied to the
textile substrate (see 5.4).

1.3 The test is often used by dye manu-
facturers and users because of its speed,
repeatability and reproducibility.

2. Principle

2.1 Solutions of the test dye and the
reference dye are prepared in known con-
centrations and their transmittance values
are determined using a spectrophotome-
ter. The relative color strength for the test
dye is then calculated using absorbance
and concentration values.

3. Terminology

3.1 absorbance, n—the logarithm to
the base 10 of the reciprocal of trans-
mittance.

NOTE: Absorbance is proportional to
the mass of absorbing material in the path
length of a spectrophotometer cell (syn:
absorbance value).

3.2 color strength, n.—a measure of
the ability of a dye to impart color to
other materials.

NOTE: Color strength is evaluated by
light absorption in the visible region of
the spectrum (see 13.1).

3.3 relative color strength, n.—in spec-
trophotometric testing of dyes, the per-
centage of the color strength of a sample
relative to that of a reference dye as-
signed a color strength of 100% (see 10.2).

3.4 transmittance, n—of light, that
fraction of the incident light of a given
wavelength which is not reflected or ab-
sorbed, but passes through a substance.

NOTE: In this test, the transmittance of
the material is measured on a spectropho-
tometer, and corrected for that of pure
solvent for the same path length.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
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cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in the test method. Manufactur-
ers MUST be consulted for specific de-
tails such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory areas.

4.2 All chemicals should be handled
with care.

4.3 Use chemical goggles or face
shield, impervious gloves, and an imper-
vious apron during dispersing and mixing
of acids, alkalis and organic solvents.
Concentrated acids, alkalis and organic
solvents should be handled in a well ven-
tilated hood. CAUTION: Always add
acid to water.

4.4 Acetone, methyl alcohol and ethyl
alcohol are highly volatile liquids and
should be stored in the laboratory only in
small containers away from heat, open
flames and sparks. These chemicals
should not be used near an open flame.

4.5 Cellosolve (2-ethoxyethanol) is
combustible and may be harmful or fatal
if ingested or inhaled. It is also a repro-
ductive hazard and should only be used
when absolutely necessary.

4.6 An eyewash/safety shower should
be located nearby and an organic vapor
respirator and a self contained breathing
apparatus should be readily available for
emergency use.

4.7 Exposure to chemicals used in this
procedure must be controlled at or below
levels set by government authorities
[e.g., Occupational Safety and Health
Administration’s (OSHA) permissible ex-
posure limits (PEL) as found in 29 CFR
1910.1000; see web site: www.osha.gov
for latest version]. In addition, the Ameri-
can Conference of Industrial Hygienists
(ACGIH) Threshold Limit Values (TLVs)
comprised of time weighted averages
(TLV-TWA), short term exposure limits
(TLV-STEL) and ceiling limits (TLV-C)
are recommended as a general guide for
air contaminant exposure which should
be met (see 14.1).

5. Uses and Limitations

5.1 This method is not applicable to all
dyestuffs; e.g., pigments, due to solubil-
ity and/or other limitations. Dyes that are
commonly measured include acid, basic,
direct and disperse. Many reactive dyes are

not easily measured using this procedure
(see 5.4).

5.2 Basic requirements for this method
are that the dye solutions do not scatter
light and do obey the Lambert-Beer or
Beer-Bouguer Laws as well as having
identical or similar absorption curves of
the samples and the reference dyes in the
visible region of the spectrum (see 13.9).

5.3 Identical or similar absorption
curves are usually obtained if the tests are
carried out for the purpose of dye produc-
tion control of batches/deliveries of the
same dye. This method is not applicable
for the evaluation of dyes with distinctly
different hues or strengths greater than
20% or chemical compositions.

5.4 The method may be useful in the
prediction of relative dye strength in
process applications; e.g., dyeing. It is
generally accepted that some reasonable
correlation can be obtained between ap-
plication and solution measurements. Ex-
ceptions occur where there is a signifi-
cant difference in the relative amount of
colored but non-exhausting or non-fixing
impurities between the specimen under
test and the reference dye; e.g., reactive
dyes. Exceptions may also occur for
some reactive dyes which exhibit shade
differences between their hydrolyzed and
unreacted forms (see additional caution
for reactive dyes in 8.3.3).

5.5 As the relative color strength is de-
termined by a comparison with a refer-
ence dye, the reference dye is assumed to
remain constant. It is essential, therefore,
to ensure careful storage and control of
the reference dye. Many dyes are hygro-
scopic and sensitive to oxidation. Protect
the reference dye from exposure to light
in firmly sealed containers that are imper-
vious to moisture.

6. Apparatus and Materials

6.1 Flasks, volumetric Class A, TC.

6.2 Pipettes, volumetric Class A, TD.

6.3 Analytical balance with accuracy
of weighing to 0.0005 g.

6.4 Cells for spectrophotometers, 5 mm
or 10 mm path length as needed, ana-
lytical grade or optical quality. May be
cuvette or flow-through cell. (Note: the
use of a 5-mm path length requires that
the solution concentration be doubled to
achieve the equivalent absorbance.)

6.5 Spectrophotometer.

7. Reagents

7.1 Sulfuric acid—H,SO,.
7.2 Acetic acid—CH,COOH.
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7.3 Sodium hydroxide—NaOH.

7.4 Sodium carbonate—Na,CO;.

7.5 Buffering agents.

7.6 Solvents (see 13.3).

7.6.1 For water-soluble dyes:

7.6.1.1 Water, demineralized.

7.6.2 For water-insoluble dyes:

7.6.2.1 Methyl alcohol (CH,OH, meth-
anol), anhydrous.

7.6.2.2 Acetone (CH;COCH,).

7.6.2.3 N-methyl-2-pyrrolidone.

7.6.2.4 Ethylene glycol monoethyle-
ther (2-ethoxyethanol, Cellosolve).

7.6.2.5 Mixtures of the above solvents
as well as other solvents appropriate for
the test dye.

8. Preparation of Dye Solutions

8.1 Storage of dyes.

8.1.1 Store the samples in tightly
sealed containers to avoid erroneous re-
sults arising from changes in moisture
levels. Condition powder samples in a
controlled atmosphere for 4 h as described
in ASTM D49, Standard Test Methods of
Chemical Analysis of Red Lead.

8.2 Stock solutions.

8.2.1 Weigh an amount of not less than
0.5 g to avoid errors attributable to micro-
inhomogeneities to the nearest 0.0005 g
(see 13.4 and 13.8).

8.2.2 Transfer the dye weighed quanti-
tatively to a volumetric flask containing
approximately one-third of the total vol-
ume of solvent, then dissolve/disperse it.
In general, pre-dissolve/disperse the dye
in about 20 mL of the selected solvent. A
mixture of solvents or an additive may be
needed.

8.2.2.1 Water-soluble dyes may need to
be heated to effect dissolution. If heated,
cool the dissolved/dispersed mixture to
room temperature (see 13.5). (Do not
heat in volumetric glassware; transfer to a
beaker before heating, then re-transfer to
the volumetric flask.)

8.2.3 Make up the volumetric flasks to
the mark and homogenize the solution/
dispersion by stirring or by turning the
flask end over end.

8.3 Test solutions.

8.3.1 Dilute the concentrated stock so-
Iution as directed (see 13.6) to obtain
maximum absorption (minimum trans-
mittance) within the range of 10-
60% transmittance (see 13.5). (The same
solvents used to make the concentrated
stock solution may not be the appropriate
choice for dilution. For example, many
disperse dyes are dispersed into water for
the stock solution, and then pipetted into
a solvent/water mixture for dilution.)

8.3.2 Some additives may be recom-
mended to improve the stability and re-
producibility.

8.3.3 To adjust the pH of water soluble
dyes use an acid such as acetic or sul-
furic, a base such as sodium carbonate or

sodium hydroxide, or a buffering agent.
(However, sodium carbonate or sodium
hydroxide should not be used with reac-
tive dyes.)

8.3.4 To eliminate the influence of un-
wanted metal ions use a sequestering
agent.

8.3.5 To prevent agglomeration in wa-
ter use a surfactant; e.g., ethylene oxide
adducts to alkanols.

8.3.6 Use a dispersing agent or an anti-
oxidant, if appropriate.

8.3.7 Volumetric equipment and sol-
vents should be at ambient temperature.

8.4 Gravimetric transfer(s) and dilu-
tion(s) may be substituted for the volu-
metric ones mentioned in 8.1 through 8.3
under the premise that | mL @STP =1 g.
The premise applies to water dilution
only, as solvent dilution requires the addi-
tional calculation: Dilution (g) = (Re-
quired) x (Specific Gravity of Solvent).
This eliminates the cost of Class A glass-
ware and removes the restriction of
temperature dependency (although the
reference and sample must be at ambient
temperature prior to measurement in a
cuvette or flow-cell. It also facilitates the
accurate transfer of odd quantities to ac-
count for differences in strength. Use a
four-place balance (0.0001 g) for dye-
weights and transfers and a three-place
balance for dilutions (0.001 g).

9. Procedure

9.1 When a dye specimen is measured
for the first time, it is advisable to con-
firm the validity of the relationship
(Beer’s Law) under the conditions se-
lected (concentration, solvent) within a
range of concentrations (10 mg/L to 100
mg/L similar to a primary set to deter-
mine dyeing characteristics).

9.2 Determine the wavelength (A) of
maximum absorbance (minimum transmit-
tance.

9.2.1 Quantitative measurements (anal-
ogous to HPLC, MS, etc.) of the test and
reference specimens should have the
same wavelength of maximum absor-
bance (Ayax)-

9.2.2 Qualitative measures (analogous
to visual strength/appearance) should be
determined by using weighted sum color
strength determination (see 13.1 and 13.2).

9.3 Carry out the measurement as soon
as possible after preparation of the solu-
tion to exclude the influence of changes
in solution.

9.4 Adopt appropriate techniques with
light sensitive solutions; e.g., using low
actinic flasks, or working in dimly lit sur-
roundings (see 13.7).

9.5 Measure the transmittance of the
solution in cells (cuvette or flow-through
cell) of identical path length (usually 5
mm or 10 mm).

9.5.1 The difference in absorbance

between the test dye and reference dye
shall not exceed 20%, to minimize the
influence of variations in the spectro-
photometric response over a relatively
wide range of concentrations.

9.5.2 The transmittance, 7, of the dye
solution is obtained differently with a
double-beam spectrophotometer com-
pared to a single-beam spectrophotome-
ter, but yields the same result. With a
double-beam instrument, simultaneous
measurements may be made with a cell of
pure solvent placed in the reference
beam, and the dye solution in the sample
beam. Single-beam instruments require
that the instrument first be standardized
with pure solvent. Then, the dye speci-
mens are measured successively in the
same cell.

9.5.3 Some narrow (0.5-2.0 nm) band-
pass, analytical spectrophotometers used
for dye strength determination measure
both transmittance and absorbance, di-
rectly. In this case, it is not necessary for
the system or the user to calculate the ab-
sorbance separately.

10. Calculations

10.1 Base the evaluation on Beer’s law,
using the following equation:

A=log,(1/T) (Eq. 1)

10.1.1 4 is the absorbance at wave-
length of maximum absorbance (see
13.2).

10.1.2 T, is the transmittance (in deci-
mal fraction form, where 100% = 1.0) at
wavelength of maximum absorbance.

10.2 Calculate the relative color
strength to the nearest 0.1% using the fol-
lowing equation:

F,=100 (4,C,/A4,C,) (Eq.2)
where:
F is relative color strength in percent
C is the dye concentration
subscript 1 refers to the reference dye
subscript 2 refers to the dye under test

10.2.1 Assuming C, = C,, the follow-
ing simplified equation is obtained:

F, =100 (4,/4,) (Eq. 3)

11. Report

11.1 Identification of test dye.

11.2 Dye mass.

11.3 Solvent used (if solvent system
is light-sensitive, note illumination con-
ditions).

11.4 Dissolving conditions (e.g., tem-
perature, also include names and concen-
trations of any additives used to improve
stability and reproducibility, per 8.4).

11.5 Dilution factor.

11.6 Concentrationﬁld temperature of

ocuments

AATCC Manual of International Test Methods and Procedures/2022 AATCC TM182:208%nt SI855ng Hub
Copyright © 2021 American Association of Textile Chemists and Colorists

Full document details: AATCC TM182 2021


http://www.avadocuments.com/doc/aatcc-tm182-2021
http://www.avadocuments.com/doc/aatcc-tm182-2021

