Chemistry 239 Spring 2007
SYNTHESISOF AN AZO DYE FOR INCORPORATION INTO CRYSTALS

Thisisathree-pat lab in which you will synthesize an azo dye (pat A), grow crystals with
dyeincorporation (pat B) and stain variousfabrics with your dye (part C).

INTRODUCTION

Wha isit abouta dyetha makesit colored? Dyes are organic molecules tha selectively
absorb wavdengths of light within the visible range of the electromagnetic spectrum (! =
400- 800nm). Thehuman eye respondsto wavelengthswithin thisrange Thewhite light
we receive fromthe sun containsall the wavelengthswithin thevisiblerange When an
object absorbsa particular wavelength, we see thewavelengthstha are left over, and the
object appears colored. Removing orangelight out of QuvhiteOlight, for example, resultsin
blue-green (cyan) hue Thehueresultingfromtheremovd of a color fromwhite lightisthe
latter® complementary color.

Complementary Colors

Color absorbed Wavelength absorbed (nm) Color observed
Red 647-700 Green
Orange 585647 Cyan (green-blue)
Yellow 570585 Blue
Green 491-570 Red
Blue 424491 Yellow
Violet 400424 Yellow-green

So now wha determines thewavelength absorbed? Thecolor in dyesisthe consequence of
the presence of achromophore. Chromophoesin dyes are generally large systems of
conjugaed bonds(alternaing doubk and single bondg. It isthis ddocalized electron system
tha absorbstheenergy fromthelight For example, if the electronsin thedyerequire only a
small amountof energy to berearranged into new energy state, then the subgance absorbsa
low energy wavelength. Recall tha thelonge thewavelength thelower theenergy (E =
hcd!). Thetable aboveshows tha thelongest wavelength is assodated with the absorption of
red light If theinddent lightiswhite andred light is absorbed, then thelight reflected is
perceived as green (the complementary color of red). If alot of energy isrequired for the
electronspromoted to a highe energy state, then it absorbsonly a short wavelength light,
since short wavelengths correspondto high energy. If it absorbsbluelight, then thelightit
reflectsis perceived asyellow. In genera, the more conjugaion (more doubke bond$ you
have in adyetheless eneagy it takesto excite theelectrons

But thereismoreto it than tha. Whilethe chromophote isthe color-produdng portion of the
dye molecules there are other factors. Dyes also contain auxochromes, which are a group of
atoms attached to a chromophae tha modify the ability of tha chromophore to absorb light
In genera, auxodhromes influence theintendty of thedye butthey can also providea site by
which the dye can chemically bondto thefabric.



Examples of chemica groupstha are chromophaes and auxociromes are shown bdow.

Chromophoses Auxodiromes
{% Aryl group ——CHs
/O\CH3
>:< Double bonds
—OH
. —
NN Azo group NH
——S03Na"

In thislab you are going to synthesize adyetha containsboth aryl and azo fundiondities
(see above. Tolookat theimpact of conjugaionon the wavelength absorbed, let@ ook at
two commercially available azo dyes.

N

J\% C %L _CHs
Sudan Il
Amax = 493

Sudan IV
Amax = 520

Notice tha Sudan IV has a more extengve system of conjugaion and thusabsorbsalonge,
lower energy wavelength.

Life would be smpleif we could jus look at conjugaion butthe color we seeis aso
dependent on the auxochrome, what molecule thedyeis boundto in thefabric, thepHN the
list goeson. Aspat of thislab youwill look at the effect of a changein the pH on the color
of thedye and sometimes it isvery dramatic. Thisis generadly dueto achangein thecharge
onthedye molecules or achangein thelevel of conjugaion. Adding or subtracting



auxochromes can also effect the electron delocalization and thuschangethe color. Therefore,
much of thework donein dyes can beconsdered as Qrial and errorQ Youjug try something
and see what color you ge.

PART A: AZO DYE SYNTHESIS

Azo dyes, which were developed in themid 1800s are oneof themog common dye
materials. They contain thebasic structure of Ar-N=N-Ar. Ther color is dueto the high
level of conjugaionthat extendsthroughN-N dowble bondto thearyl unit.

Azo dyes are synthesized viathefollowing reaction. A primary amine (R-NH,) is conveated
to adiazonium salt, and thisis reacted with another aryl unit (see Bruice, sections159, 15.10

and 15.11)
L)

7 N X
acitvated aromatic Q/
X=NH ,, OH, OR =
NH, Na_NOg» + _ 2_» .
N=—N N—/N
HzPO,
primary amine diazonium salt azo dye

Thearomatic ring can be subgituted with different fundiond groups(auxochromes) and
these subdituents, dueto thar conjugaion with the azo system, will affect the color of the
dye (see section 12.18 of Bruice for more details). In this experiment youwill choos which
dyeto synthesize from the variousamines and activated aryl compoundsshown onthe next
page Different combinationswill lead to different colors.

Synthesis of your Dye:

Youwill choose two compoundsromthelist onthenext page Thefirst mug beaprimary
amine (NH,). Thisisthecompoundyou will react with sodium nitrite in thefirst step of the
reaction. The second compoundyou choo can be any of the Qctivated aromaticOlisted in
the second group of compounds This compoundwill beused in the second step of the
reaction when you add this to the diazonium salt that you generate in thefirst step.

PART B: DYEING CRYSTALS

Researchers have shown tha moleculesin solution Beven molecules tha are very different
fromthecrysta molecules and ionsbcan arrangethemselves on a growing crystal surface so
tha they make specific noncovdent bonds If these interactionsare strongenough,and
crystal growth isfast enough,the crystal can actudly grow aroundand entomb theimpurity.
However, this only works for molecules with particular structures tha match structural
features of thegrowing crystals.



PRIMARY AMINES: Choose one of the below for the first step of the reacti on

NH,
-Ois Na*
Aniline Na"  6-amino-2-2naphthalene SO,
sulfonic acid, sodium salt Sulfanic acid
sodium sat
NH NH,
NH,
Cl
SO,NH,
CH . . .-
o 3 Sulfanilamide Chloroaniline

4-am in oacetophenone

ACTIVATED AROMATICS: Choose one of the below for the second step of the reaction

H;C— .CH, NH,
oy
T O

Na
6-amino-2-2naphthdene

Aniline 2-napthol 107 _
NN -dimethy I aniline sulfonic acid, sad ium sdt

0-__H
| NH2 e NH
© cl
OCH;
SO,NH, SO4 OH
CH . . i i .
© : Sulfanilamide Sulfanicacid vani llin Chloroaniline

4-am inoacetophenone

In pat B of thislab, we will attempt to grow dyed crystals of KH,PO, (potassium dihydrogen
phoghae) with an azo dye These dyeswill tendto selectively stain the pyramid faces
(called {101} in crystallographic languaye), as shown in thefigure bd ow.

{101}

{100}




PART C: DYEING FABRIC

In thelast pat of the experiment youwill use your synthesized dyeto color a specia swatch
of fabric. Theswatch iswoven such tha it contains bandsof some of the more common
fibers used in making clothing. Thefibersinduded are both natural fibers and synthdic.
Here you will explore how theinteraction of the dye with thefiber affects the color.

Thefibers contained in the swatch are shown bdow.

Fabric type (starting a end with black thread)

Acetate

SEF

Arnd (bright)

Bleached cotton

Credlan 61

Dacron 54

Dacron 64

Nylon 6.6

Orlon75

Spunsilk

Polypropylene

Viscose

Wool

* Pre-lab:

Read: This handout

Preparefor classon Monday, April 9: PurposOand M aterials and methodD

Decide which amine and which activated aromatic compoundyou want to use. Write the
chemical reactions of your synthesis after the QPurposeOsection, induding al reagents. Note
tha thisis atwo-step synthesis.

Pre-lab calculation: For both your amine and your activated aromatic compound,calculate
themass of 0.1 mmol (millimole) for each (show the stepsof the calculation, please). This
should bewritten near the chemical equaion abowe.

Y ou may tapetheprocedure onthe next several pagesinto your natebook (righthand page
only).

* During lab:

Since thisis alab aboutcolor, in the MataOsection, you should writing your observationsof
wha occurs at which step of which part.

* Post-lab:



Examinetheresults of Parts B and C on Wednesday to complete your DataOsection.

+ Lab Result Report: (Due Monday, April 16 at the beginning of lab)
Photooopy the non-procedure parts of thislab.

No conduson or abgract isrequired.

PROCEDURE

Part A. Synthesisof Azo Dye

Step 1. Formation of the diazonium salt: Add 2 mL of water and 10 dropsof phoghoric
acid to a5 mL conical via with spin vane Cool the solutionin an ice-water bah and tir.
Add 0.1 mmole of theamineto beconveated into adiazonium salt. Note: if youramineisa
liquid, you can assume tha onedrop weighsabout0.015g (15mg). If thespin vanedoes not
stir sufficiently, periodically stir with your spaulato break up clumps Let the solution stir at
0° C for 10 minutes.

While the abovesolutionis cooling, prepare a solution of 20 mg of sodium nitrite in 1 mL of
water. Add 10 dropsof the sodium nitrite solutionto the conical vial (a color changemay
occur). Let thissolution stir at 0° C for 10 minutes.

Step 2. Addition of the activated aromatic compound: Add 0.1 mmole of thearomatic
amine or phenol to thediazonium salt solution. Stir at 0° C for 5 minutes (There may bea
color changg. If thesolid does not mix well by the spin vane action stir with your spaula or
periodicaly cap thevia and shake for 10 seconds At theend of 5 minutes let the solution
stir at room temperature for 30 minutes. If necessary, periodically shake to hdp mixing. The
solution will dowly turn color over time. If time permits you may want to let thereaction stir
longe in order to insure getting a more concentrated color.

Step 3. Dye color dependence on pH While you are waiting for the completion of step 2,
prepare 2 test tubes as described bdow:

In test tube#1add 2 mL of 1 M NaOH
In test tube#2 add 2 mL of distilled water (thiswill be acidic once you add your solution)

After gtirring at roomtemperature add 1 mL of thereaction mixture to test tubes #1 and #2.
Note the colors.

Place onedrop from each test tubeon a piece of filter pgoer and note the color.

Part B. Incorporation of Dye into crystals of potassium dihydrogen
phosphate (KDP)

In this section you will make a crystallization solution containing the dye Chicago Sky Blue
or Amaranth Red (your choice). The Chicago sky blue and Amaranth red dyes are known to



incorporate into KDP butfor your dyeit is unknavn whether it will incorporate. At your
option you may also try to incorporate your dye

Crystallizationisan art. Crystal growth is affected by an array of subtie factors: the
concentration of thesolution, the amountof heat used to dissolve, therate of cooling, therate
of evaporation and the turbulence of the crystal solution all can make a critical differencein
the shgpe and beauty of the crystals you grow.

For thislab it isimportant that you ge your KDP to dissolve by heating at low temperature.

It is also impaortant tha onae you have dissolved your KDP and have added the solutionto the
beaker tha youdonotmoveit N it isimportant that the solution remainsstill (and, to beon
thesafe side still your mind as well).

Step 1. Incorporation of Chicagosky blue or Amaranth red dye

Labd thecrystalization dish with your name. Place tha in thearea marked for your section
(youringructor will showyouwherethisis). Eventudly youwill pouryour crystallization
solutioninto this dish; once this has been doneit cannot be moved.

Preset the heat knobof your stirring hot plate to alow heat setting and let it warm up.

Weigh 17 grams of potassium dihydrogen phogphae (KDP), and trander into a250mL
beaker. Add50mL of distilled water and amagndic stirrer.

Cove thebeaker with awatch glass and place thebeaker onahotplate. Stir thesolution with
the heat set at a medium setting for 2 minutes, then turn down to @owQand continuestirring
until al solid has dissolved (if the KDP does not dissolve after 10 minutes you may turn up
the heat alittle bit).

Once the KDP has dissolved add 2 mL of Chicago Sky blue dye solutionor 3 mL of
Amaranth Red. Choog the color tha pleases youthemog. Stir this solutionfor 1 minute (be
ready to dothe next step immediately after the minute tir).

While the solutionis still warm, carefully pourit (but notthestir bar) into your crystallization
dish that you have placed in thedesignaed area. Immediately after pouing, cover the
crystallization dish with awatch glass. Once poured, be careful notto movethe solution. Y ou
will recover thecrystals during the next lab meeting.

At thenext lab meeting, carefully gravity filter to recover your crystals and let air-dry.

Describethe color, shape and size of your crystals. Y ou may either describethelargest crystal
you recover, or the Qypical Ocrystal in your batch.

Step 2. Incorporation of your dye (optional)

In alargebeaker labded with your name, dissolve KDP in the same manne as described
above Oncedissolved, add 1 mL of yourdye Once the dyehas mixed for oneminute, cover
the solution with awatch glass and quickly and carefully place this solutionin the space
designaed for your lab section.



Part C. Dyeing of Fabric
Caution: Use glowes for this part

Choo% a solution fromtest tube#1 or #2 (from Part A) tha is of apreferable color. Dilute
this dye solutionwith 10-15mL of distilled water. Obtain a piece of multibanded fabric and
submergethefabric into thedye solution and gently heat on ahot plate for 10-15 minutes
(cover with awatch glass to avoid evaporation). If youwant to increase the concentration of
your dye, you may add theremainsof theorigind reactionvial.

Once you are donehesating, rinse with water and leave the cloth in your drawer. In some
cases the dye color and intengty will changeonce thefabric has dried out Warning: Be
careful notto touch your dyesolution or the cloth withoutgloves. Y our azo dye may betoxic
and/or askin irritant.

Note which fabric(s) were thebest at retaining thedyewith its origind color, and which
fabric(s) were worst. Y ou may speculate as to thereasonsfor these observations



