
Figure 1. Gastropod molluscs 
TOP. Murex INJICU~US: EM~w, h e x  brandare bot- 
tom. purpurs haemsriana 
(Aner Besnier. N. “Dklionnaire des antlqunes we- 
ques at maines.” Darembarp. C.; %#io. M. E., 
Ed%; HacheIL: Paris, 1877-1919 VoI. 4, p 170.) 

A 

A 

Royal Purple Dye: 
The Iron Age Phoenicians-whose name 

may derive from a root meaning “purple”- 
were acclaimed in the first millennium B.C. 
for fabrics dyed with Royal Purple- 
6,6’-dibromoindigotin. Such fabrics were 
widely traded in the Near East and carried 
by the Phoenicians to all parts of the Med- 
iterranean. The dye continued to be pro- 
duced in later periods, when it became 
equivalent to its weight in gold. Thus, 
Cleopatra’s boat displayed a purple sail at 
the Battle of Actium in the first century 
B.C., and Nero issued an edict in the first 
century A.D. making the dye the preroga- 
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P a w  E. McGovem 
Rudolph H. Midrel 
Museum Applied Science Center for Archaeology 
University Mussurn 
33rd and Spruce Sts. 
University of Pennsylvania 
Philadelphia, Pa. 19104 

TiiimChemiilOrinsdthelndusbv 
tive of the emperor. Detailed descrip- 
tions of the dye industry can be found 
in the writings of Pliny the Elder, 
Strabo, and Plutarch, among others. 
Its importance to the clergy, continu- 
ing to the present day, can be traced 
back to the Israelite High Priest who 
had specific garments dyed with the 
Dude.  

industry, which is also referred to in 
Akkadian and Ugaritic texta from the 
Late Bronze Age. Although these mid- 
den deposita may be prima facie evi- 
dence for the industry, particularly if 
the shells are of one species. they 
could also represent a food or lime 
source. The archeological identifica- 
tion of an industrial complex or the 

crushed shells nearby, primarily Mu- 
rex trunculus, which dated to the thir- 
teenth century B.c., or the end of the 
Late Bronze Age. If the purple were 
indeed Royal Purple, it would repre- 
sent the earliest definitive evidence 
for the production of the dye, predat- 
ing the Phoenician industry by several 
hundred years. Furthermore, the pur- 

. Archeologista have long known from 
ancient writings that purple dyes were 
produced by extraction of the secre- 
tions of the hypobranchial glands of 
Mediterranean gastropod molluscs 
(Murex brandaris. Murex lrunculus, 
and Purpura hoemastoma) (Figure 1) 
since the early first millennium B.C. 
Shell heaps on Crete and elsewhere in 
the Mediterranean and along the Le- 
vantine coast (e.& at Ras Shamra, Si- 
don, and w e )  have provided the pri- 
mary archeological evidence for the 

chemical confirmation ofthe ancient 
dye would be much less ambiguous ev- 
idence for the origins and develop- 
ment of the industry. 

Therefore, when pottery sherds 
with purple deposita (Figure 2) were 
discovered at Sarepta (modern-day 
Sarafand), the most extensively exca- 
vated Phoenician site in Lebanon, 
they immediately attracted attention 
as possibly being related to the famous 
dye. They were recovered from an in- 
dustrial complex with a large pile of 

ple covered the inside of storage jars 
and unusual spouted vata, which 
might have been used to store and 
process the dye. 

c h s m l c a l b a c k ~  
The chemical composition of the se- 

cretions of the three Mediterranean 
molluscs, the dyes formed from them. 
and the process by which these con- 
versions occur have been largely eluci- 
dated. The dye precursors are all sul- 
fate esters of substituted indoxyls and 
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How to make sure 
the gas that comes out 

of your cylinder 
stays as pure as 

the gas that went in. 
Unless you want io lose the 
purity you’ve paid for, you 
need a delivery system that 
keeps out impurities-all the 
way from the cylinder to the 
using equipment. 

We make a complete 
line of gas control equip- 
meni with the same quality 
control standards that we 
use for our special gases. So 
whether you need regula- 
iors. flowmeters. fdters. 
valves or manifolds, Airco 
gas equipmenl maintains 
control ofgas purity through 
out your system. 

For more information 
on equipment that delivers 
high-purih( gases without 
any surprises, send for a 
free copy of our Special 
Gases and Equipment Cata- 
log to Airco Special Gases, 
575 Mountain 
Ave.. Murray 
HiU. NJ 07974. 
we Lrr the ao~lloru 

beforepr have thepmblems. 

CIRCLE 7 ON READER SERVKX CARD 

F b r e  2. Sarepta shed wim purple deposit 

of indoxyl itself (Structure I). They 
are converted to indigoid dyes by en- 
zymatic hydrolysis of the sulfate ester, 
followed by oxidative (air) and photo- 
oxidative processes. Murex brandaris 
and Purpura haemastoma yield main- 
ly the 6,6’-dihromoindigotin (Struc- 
ture II), whereas Murex trunculus 
gives both the brominated and the un- 
brominated indigotin (Structure 111). 

p ; M +  

X l@)-R 
H 
I 

111 

Initially, fiber dyeing was probably 
carried out by direct application of a 

relatively fresh extract of mollusc. 
When reducing systems were intro- 
duced, the precursor could be pre- 
served as water-soluble indoxyl deriv- 
atives, or the dye itself, once formed, 
could he redissolved as the leuw base. 
The chemistry of the latter procesa is 
esaentially identical to the ancient vat 
dyeing process used for natural indigo. 
At  what point in time and in what 
form reducing systems came into use 
with mollusc-derived dyes have not 
yet been established. 

All the Sarepta sherds were ex- 
tremely small and had very thin accu- 
mulations of the purple material on 
their interior surfaces. A sherd which 
measured -5 cm square and whose 
purple coloration was relatively more 
intense than the other examples was 
chosen for the initial investigation. 
Because of the small sample, nonde- 
structive spectroscopic techniques 
(proton-induced X-ray emission spec- 
troscopy [PIXE], electron spectro- 
scopic chemical analysis [ESCA], and 
diffuse-reflectance Fourier transform 
1R spectroscopy [FTIR]) were first 
used. After the spectroscopic data had 
been evaluated, chemical reactivity 
tests were carried out. Only a square 
centimeter of the sherd was required 
for all of the analytical work. 

The analysis by PIXE was w r i e d  
out by a two-step process. First, a 
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Shhadzu ,.npare i 

I, I 

With one design, one price and no costly 
options, Shimadzu’s UV-160 UV-VIS Recording 
Spectrophotometer has everything you need 
for rapid and accurate spectrophotometry - 
including flexible data processing functions, 
CRT and printer output. The double beam 
design means freedom from baseline drift. Five 
different multi-component analysis methods 
mean high-precision quantitation. And the 
error-free scanning speed of 2400nm/min 
means you can scan the full range, 1100 to 
200nm and display the spectrum, in roughly 25 

Competitive features include stored and 
realtime spectrum manipulation. Find out 
more about the full value spectrophotometer. 

For further information, please contact: 
Shlmadzu Scientlk Instruments, Inc. 
7102 Riverwood Drive, Columbia, MD 21046, U.S.A. 
Phone: (301) 997-1227 
Shimadzu (Europa) GmbH 
Acker Strasse 111,4000 Dusseldotf, F.R. Germany 
Phone: (021 1) 666371 Telex: 08586839 
Shlmadzu Corporalon, International Maarketing Div. 
Shinjuku-Mitsui Building, 1-1, Nishishinjuku 2chome, 
Shinjuku-ku, Tokyo 160, Japan 
Phone: Tokyo 03-346-5641 
Telex: 02324291 SHMDT J. 

OSHIMADZU 
CIRCLE 190 ON RE- SERVICE CARD 
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Table 1. Electron spectroscopic chemlcal analysis of lnknown and 
synthetic purples 

1.3-MeV proton beam, which was gen- 
erated by a Van de Graaf accelerator, 
was directed onto the sample in a heli- 
um atmosphere to measure the low- 
atomic-weight elements. Then, 2.0- 
MeV protons were beamed onto the 
sample in an air or nitrogen atmos- 
phere, with potassium chloride, vana- 
dium, and aluminum filters to block 
out lower energy X-ray interference. 
Typically, 25 elements were measured. 
The results of the PIXE analysis of 
the purple deposit showed the pres- 
ence of unusually high levele of bro- 
mine (0.322% vs. 0.002% for the exteri- 
or surface lacking the color). Elements 
with atomic weights less than sodium, 
however, could not he detected by this 
method, nor could information regard- 
ing the specific chemical environment 
of the bromine be obtained. 

This additional information was 
provided by ESCA. As a reference for 
the unknown ancient specimen, a s m -  
ple of synthetic 6,6’-dihromoindigotin, 
which had been deposited from a sodi- 
um hydrosulfite solution (leuco base 
solution) onto an uncoated Sarepta 
storage jar sherd from the same locus 
and of the same date, was also tested. 
The analyses, carried out with a 
Du Pont 650 electron spectrometer, 
demonstrated that the bromine was 
bonded to the carbon with the same 
binding energy (70.2 eV) as the hro- 
mine in the synthetic 6,6’-dibromoin- 
digotin reference sample. ESCA ana- 
lyzes only to a depth of about 50 A, 
and thus only the upper part of a de- 
posit, which is many times thicker, is 
examined. Because the surface is suh- 
ject to environmental contamination 
and the exudation of substances from 
the interior, the ESCA analysis may 
not he completely representative of 
the bulk of the purple deposit. With 
this proviso, it will be noted in Table I 
that all the necessary elements for di- 
hromoindigotin are present (neutral 
nitrogen, carbonyl and hydrocarbon 
carbons, organic bromine), in addition 
to the several elements that comprise 

clay or the soil of the region (silicon, 
aluminum, and calcium). 

The presence of 6,6’-dibromoindigo- 
tin as a major component of the pur- 
ple deposit is most strongly supported 
by its diffuse-reflectance IR spectrum 
(FTIR). Figure 3 shows the spectra of 
the ancient purple accumulation and 
synthetic 6,6’-dihromoindigotin and 
indigotin applied to a comparahle an- 
cient sherd from leuco base solutions. 
They were obtained using a Nicolet 
7199 spectrometer and a diffuse-re- 
flectance bench; spectral Subtraction 
by a computer algorithm was used to 
reduce the inorganic background. Fig- 
ure 4 is the diffuse-reflectance spectra 
of powder mixtures of the synthetic 
dyes and KBr. A comparison of these 
sets shows that there are no shifts in 
absorption bands due to interaction 
with the ceramic, nor are there any 
changes resulting from the application 
of a synthetic dye from sodium hydro- 
sulfite solution. The hromine substitu- 
ent has a marked effect on the N-H 
band and clearly differentiates indigo- 
tin (NH a t  3275 cm-’) from 6,6’-dihro- 
moindigotin (NH at 3375 cm-’). The 
ancient purple’s NH band is that of 
the dibromo derivative. There is no 
significant evidence for the unsubsti- 
tuted indigotin, hut in view of the 
large background subtraction (the ce- 
ramic contributed a broad hydroxyl 
hand in this region), small amounts 
(15%) of indigotin would he difficult to 
detect. The indigoid carhonyl band of 
all the reference samples and of the 
ancient purple is centered about 
1625 em-’, and i t  has the same shape 
and intensity in each sample. A t  wave- 
lengths below 1500 cm-’ the hack- 
ground from the sherds was so intense 
that no meaningful spectra of this re- 
gion could be obtained. 

The ancient purple spectrum has a t  
least four additional regions of ahsorp- 
tion. The 2350 cm-I hand is due to  
COn from a small imbalance in the 
spectrometer’s reference and sample 
beams. The 2500 cm-’ and 1800 cm-’ 

Flgure 3. FTIR spectra of dye deposits 
on Late Bronze Age ceramics 
(a) unknown purple, (b) Synthetic 6.B‘dibronwlrr 
dlgotin. and (c) wnmetic indigotin 

bands are from carbonate ion, proba- 
bly in the form of calcium carbonate 
that was added intentionally as a tem- 
per or was deposited by groundwater. 
CH bands at 2900-2850 cm-’ could he 
organic residues from the processed 
mollusc, or they could he more recent 
contaminants. An exact determination 
is impossible without additional infor- 
mation regarding the structure of 
these CH-containing materials. 

The final and conclusive evidence 
for the identity of the major dye com- 
ponent is derived from its chemical 
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Other questions they study are less profound. hut 
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Can huilding materials he made from milk' 
Just how hot is pepper? 
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intriguing topics rxplored in the current edition o f  
WHAT'S HAPPENING I N  CHEMISTRY? 

This award winning puhlicatinn is the Amrrican 
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0.0 J , I 

I 
Lyure 4. FTlR spectra of dyes on KBr p o d .  
(a) synthetic 6,B‘dibrornomdigotin and (b) synthetic indigotin 
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3 0 -  
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behavior. Indigoid materials dissolve 
in alkaline sodium hydrosulfite solu- 
tion as the almost colorless leuco base 
and are reprecipitated when such so- 
lutions are exposed to air (oxygen). 
The chemistry of the leuco base reac- 
tions is: 

0 

0 2  
X 

JANUS 
A \ L a b o r a t o r i e s .  Inc. - 

Special Team for 
Spectrophotometer Cells 

Want lo discover the ultjmate in optical 

Research quality products- 
unconditionally guaranteed! 

LEE797063 

C l R W  69 ON REAER SWVICE CARD 
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The reactions are characteristic of 
the vat dye family of which indigotin 
and 6,6’-dibromoindigotin were the 
only known members in antiquity. 

The halogenated indigoids, such as 
6,6’-dihromoindigotin, dahalogenate 
to indigotin when their leuco base so- 
lutions are exposed to UV radiation 
(daylight and fluorescent light). In the 
case of the above compound, this de- 
halogenation is accompanied by a col- 
or change in the oxidized form from 
purple to blue. 

A sherd -6 mm in diameter with 
purple depwit was placed on fdter pa- 
per on a hot plate and observed under 
low-power magnification. It was heat- 
ed to 60-80 “C, and alkaline hydrosul- 
fite solution a t  about the same tem- 
perature was dropped onto the purple 
surface a t  a rate that produced some 
overflow. When a change in the color 
intensity was observed, the filter pa- 
per directly under the sherd was ex- 
amined and found to have a small pur- 
ple spot. As the filter paper remained 
exposed to daylight and fluorescent 
light on the laboratory bench, the spot 
spread slightly and turned blue. Leuco 
base of 6,6’-dihromoindigotin, which 
had not yet oxidized hack to the dye, 
had undergone photodehromination, 
which is characteristic of halogenated 
indigoids. The chemical behavior of 
the deposit confirms the conclusions 
drawn from the IR spectra that the 
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major dye component must be 6,6‘-di- 
bromoindigotin. 

Mollusewurce 

of the Royal Purple at Sarepta? Al- 
most all of the associated mollusc 
shells were of the trunculus species, 
which would normally be expected to 
produce a mixture of about equal 
amounts of 6,6’-dibromoindigotin 
(purple) and indigotin (blue), yielding 
a violet coloration. The chemical anal- 
yses of the purple accumulation on the 
ancient sberd, however, showed no ad- 
mixture of the unbrominated com- 
pound with 6,6’-dibromoindigotin. 
The brandaris species yields a purple 
dye (6,6’-dibromoindigotin) exclusive- 
ly, but only one unbroken shell of this 
kind has been excavated at Sarepta to 
date. 

In fact, the composition and color of 
the end product from the trunculus 
species are very dependent on how the 
extracted secretions are processed. As 
one hypothetical scenario, if the ex- 
tract were not kept in a reducing envi- 
ronment and were exposed to air dur- 
ing prolonged processing, about 90% 
of the precursors forming blue indigo- 
tin would he converted to the dye pre- 
maturely. The dye is insoluble and 
would probably be removed with other 

What then was the mollusc source 

mollusc residues. The remaining solu- 
tion would then yield primarily 6.6- 
dibromoindigotin on exposure to sun- 
light. This may point to an earlier 
stage of dye processing when the im- 
portance of a reducing environment 
for retaining the soluble indoxyl pre- 
cursors (and by implication, for vat 
dyeing) was not understood. 

Because the sherds with the purple 
accumulations are from the thirteenth 
century B.C., this is the earliest chemi- 
cal confirmation of the ancient dye. As 
such. it bears significantly on the early 
development of the industry that was 
to become a symbol of Phoenician ex- 
pertise and commerce. The arrheolog- 
iral evidence pointn to local prcduc- 
tion of the dye rather than importa- 
tion. The requisice mollusc species are 
represented in the areas with the pur- 
ple-colored sherds. and a suirable in- 

%$- 
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dustrial vessel, a spouted vat, came 
from an associated context. The com- 
bined evidence leaves little doubt that 
a dye factory was fully operational at 
Sarepta toward the end of the Late 
Bronze Age. 
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