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ALTHOUGH A N U M BER of methods have heen developed for the 
estimation of low sucrose concentrat ions, the onc which is universally useu 
in sugar processing factories is the Molisch 0:: -napthol test. This is custo
marily used when the range of sugar concentration is 1 0 - 2 5 0  p.p .m. ,  where 
it cannot he measured accurately hy pola rimetric means. Inasmuch as the 
a:: 'napthol test is a ring test, i t  cannot be adapted reauily to transmittancy 
measurements and the sucrose content of a solution is usually reported 
after visual estimation to he a trace, light or heavy. Hano-colore-cl carus have 
hecn used as standards, hut they arc far from heing completely satisfactory. 

The use of anthrone disso lvl'd in concentrated sulfuric acid was sug� 
,sestcu by Dreywoou as the reagent in  a qualitative test for carbohydrates 
( 1 ) .2 The extreme sensitivity of th1s test plus the fact that it  is not a ring 
test made it  appear to offer a prornising lTn provcment over the er �narthol 
test in the measurement of luw concentrations of sucrosc . 

The Ch{'1l11cal Anthrone 

Anthrone is not easily available, at l east in this cuuntry. The chemical 
used in this work was synthesized from anthra4uinone, using the method 
in Organic Syntheses (2) . Anthraquinone is redUt::cd with tin and hydro� 
chloric acid in a medium of glacial acetic acid, fol lowed by recrystal Iization 
from benzene and petroleum ether. It can also he synthesized from ()� 
henzoylbenzoic acid. 

Whatever methud of synthesis is used, it is important. to use sintered 
glass filters to avoid the introduction of hits of fil ter paper which woulJ 
cause a positive blank test. 

Anthrone is the keto form of a tautomeric pair of which the enol 
form is anthranol .  The C4uilibrium hetween the tautomers is represented by 
the equation in figure 1 .  The two substances have quite different properties. 
Thus anthrone is pale yellow in calor, is insoluhle in cold alkali and is 
non,fluorescent in Jilute solution under ultra-violet light. It is comparatively 
unreactive, hut will form addition compounds with Grignard reagents. 
Anthranol, on the other hand, is dark golden�yellow in color, is soluble in 
cold alkali ,  is highly reactive and fluoresces strongly in dilute solution under 
u1tra�violet l ight. Anthranol is easily oxidized hy bromine and, in fact, the 
proportion of anthranol in a mixture of the two tautomers can he deter� 
mined by titrating with bromine in alcoholic solution under ultra-violet 
l ight until the fluorescence disappears ( 3 ) .  

1Researeh Chemist, Spreeke1s Sugar Compan y ,  \\'oodland,  Call(ornia,  
2The numbers i n  parentheses refer to literatllre Cited,  
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I n  various sol vents  the p n 'pnrtlot1 o f  a.nth roTlI..' t o  anthrannl differs 
markedly. Thus in pyriJine, tautnT11criza tlol1 proceeds nearly completely to 
the enol form, while in glacial acetic acid, anthrone contains only 1 . 3  percent 
of the enol form at equilibrium ( 3 ) .  

Anthranol may he prepared from anthrone b y  dissolving the latter 
in alcoholic KOH, precipitating the anthranol with cold, di lute H�SO " 
filtering and washing. 
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A N T H R O N E  A N T H R A N O L  

Inasmuch a s  the anthrone i s  used i n  concentrated sulfuric acio solu ,  
tion, it is o f  interest t o  know '\vhat tautomeric form exists in this solution.  
No information on this  point was found in  the l iterature, hut for the fol � 
lowing reasons it is believed tha t the keto form is the predominant substance : 

1 .  0 .05  percent solutions of anthrone in concentrated sulfuric acid do 
not fluoresce under u]tra,violet light. If anthrano1 solutions of the same 
concentration are prepared, they also do not fluoresce. 

2 .  Both anthrone and anthranol solutions give practically indistin,  
guishahle color tests with dilute sugar solutions. This might indicate that 
anthranol tautomerizes immediately to anthrone in concentrated sulfuric 
acid, although it  could indicate just the opposite change. 

3. Freshly prepared solutions of anthrone in  concentrated sulfuric acid 
give a negative test for enols with aqueous ferric chloride solution . How� 
ever, as the anthrone solution stands, the bright canary�yellov..' calor 
darkens to a pale orange and furthermore, a positive test for an enol is 
obtained. If the anthrone solution is stored at 0° C. in a refrigerator, very 
little calor change is  noted and Cl negative ferric chloride test is observed. 
This may be interpreted to mean that anthrone slowly tautomerizes to a 
small extent in sulfuric acid solution to fornl anthranol, a reaction which 
is slowed by reduced temperature. 



') 4 2  A1tER ICAK SOCl E fY 01·  S t : l;,-\R B E E T  TH : H NOLO(;ISTS 

Reagent � lreJ]gth and K("f�p i ll g  Property 
Dreywood ( 1 )  rccommenucd thilt the strength of the reagent be 0.2 

percent, Preliminary experiments showed th at the reagent strength could 
be reduced to 0 .05  percent and still give tests of sufficient sensitivity to 
permit distinguishing bl2tween solutions containing 1 0  and 2 5  p .p .m ,  sucrose . 
The more dilute reagent offers an <ldvantage because its bright yellow color 
is  reduced, By using tubes of grea.ter diameter, the strength of the reagent 
may be sti l l  further reduced, This offers no particular gain hecause an 
increased volume of reagent is required and furthermore, the l arger test 
tuhes are inconvenient to handle in making many routine measurements. 

As previously stated, the anthrone used in this \.\.'ork was prepared 
according to the method in Organic Syntheses ( 2 ) . Solutions of this material 
in concentrated sulfuric acid turned a brown-green calor overnight .  Since 
the p resence of an  imp urity was suspected, thl'" anthrone was recrystal l ized 
from glaci;d acetic a.cid to yield material which slowly changeu to an 
orange�green color on long stanJing.  A second recrystal lization from the 
same solvent was of benefit, but not a third. Possible one rl:.'crystaIJizatioll 
\.vould be sufficient if an excess of solvent w�re used and the anthrone 
slowly crystallized and \.",'cll  washed with fresh solvent. 

In  order to test the keeping property of the anthrone reagent, various 
samples of a nthrone i n  concentrateJ sul furic acid were sealed in  lR  m m .  
(outside diameter) Pyrex tuhes a n d  stored at room temperature. Onc 
sample was stored at () to 1 0  C.  The transmittancics of  the tubes relative 
to disti l led water were mea.sured at intervals. In  figure 2 they are plotted 
relative to the initial transmittancy. These measurements were made in ,l 
Photovolt Lumetron colorimeter using un filtered light. 

The apparent anomaly that m aterial \vhich was recrystal li:�ed three 
times developed color faster than material which \vas re crystal l ized twice is 
helieved to be due to the fact that the room temperature was higher during 
the test period on the former m aterial .  

Even solutions prepared from the purified anthrone and reagent gr'ide 
sul furic acid slowly darkened to an  orange col or on standing, due perhaps 
to anthranol formation . Other decomposition products (ire undouhtedly 
formed also. For that reason ,  it is suggested that the 0.0') percent reagent 
he freshly prepared every or 4 days. 

Procedure 

Because of the fact that temperature has a pronounceJ effect On the 
color forming reaction, i t  is important  that the test he performed in a 
standanJized manner. If the reagent is added to the sample slowly and the 
test tube is kept cool \vith cold water, a practical ly  colorless solution can he 
obtained even though 2 000 p .p .m .  of sugar is present.  Furthermore, if 
the tube is heated external ly to boiling, the typical hlue�green calor is 
changed to a reddish�brown. By using the same volumes of reagent and 
sample solution, but varying the size of the test tuhe or other container 
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s o  a s  t o  vary its heat capacity, the upper temperature limit after m.ixing 
is altered and consequently the color. Precisely uuplica hie results in Cl test 
of this nature can only be secured hy using a rigidly  standardi�ed proce
dure, adiahatical1y performed. The follo'\ving procedure, however, will yield 
results which are quite consistent and suitable for the control lahoratory : 
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2 . 0  rnL of the solution to be tested are n1casurcd into a clean, dry 
I 5 x 1 2 ), n1m. Pyrex test tuhe and 3 .0 m1. of 0 .0)'  percent anthrone dissolved 
in concentrated sulfuric acid (reagent grade) are added so as to form a 
bottom layer. The tube is then shaken to effect complete mixing. The 
transmission of the solution for white light is next measured in a photo
electric colorimeter. Distilled '\vater is used as the standard, with its trans
mission taken to be 1 .000. By reference to a previously prepared calihration 
curve or table, the concentration of sucrose in the original sample is 
ascertained. Table 1 and figure :; present calibration data obtained with a 
Lumetron photoelectric colorimeter, Model 402E,  manufactured by the 
Photovolt Corporation, New York, N.  Y. 

Table 1 .- L i l'!' h t  tranmission of s u c rose !'iolutiun-an throne mixtUres. 

Dh;tilled wat",r _ _ _  

_ 
A n throne reagent + 
A n thron� reagent -+ 
A n throne reagent I An thl'one reagent I 
A n throflt> 1'0'ag"-"lIt I 
A n t h rOlw reagt'nt 1 

dh;tilled watel' _ _ _ _ _ _ _ _ _ _ _ _  _ 
10 p . p . m .  fHlcrose suluiion __ _ 25 p . I > . m ,  !lucro.!<' !'ol utiun 

[, 0  I-J. l) . Jll. �ucrU»l' �ul utiHn 
1<!5 p,p. lll. >iUCI'U'; .. >solutiull _ _ _  . 

�5tl p.p . nl ,  »u"ro"", solut ioIl _ .  
' A nthrone rt-'agent prepared 4- hours previoul'dy. 
�Anth rone rNI.g'ent prt>pared 2 7  hours previousiy, 

1 . 0 0 0 '  
0 . 7 9 1  
O . G 5 !)  
0 . 49:1 
0 .3 1 7  
0 . 1 1 5  
0.024 

l . OOO� 
0 . 7 8 3  
O,65X 
0 . 49R 
O . ;�23 
O . l O�. 
O , O � 4  
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Figure .I .-Light triln5mi8�iun of �ucro�c solmion--:llHhronc mixtur��. 

R ate of Co]or Devc]oplnent 

Detenninations were Inade of the tiUIC required to reach t h e  
1l1axiJuurll color density after rnixing the reagent and solutions COIl
taining various concentrations of sucrose. In thc�e deterIn i n at iollS�  t h e  
sucrose solution w a s  contained in one t e s t  tube a n d  t h e  reagent in 
another. A t  zero tinlc the solutions were luixed by pouring t h e  rca g:ent 
into the sucrose solution and then pourill� the 111 ixture back into the 
first  tube. Transrnittancy readin gs were t a ken at frequent interval s 
until the reactions were s ubstantially conlpletc. In figure 4 the optical 
density (�log translnittancy ) is  plotted a p:ainst tillle after lll ixing. The 
translnittancics are the values relative to tht"' tra n S lllittal1cv of the 
hlank. 

" 

Table 2 shows the titue requi red to reach 90 and 95 percent of 
the final density. A fleIay of 2 Jll inutc8 before lllcasuring the coIor 
will insure that 95 pcrcent of the color h as been developed, whilt' 
about 90 p ercent is develope d  in I Illlnute.  

J\lethoo of Color ]\t] casurClllf"nt 

The photoelectric colorimeter provides the most accurate and conven� 
ient method of calor measurement. Various types of instruments can he 
used, depending on the degree of precision rcquireJ. For the average factory 
laboratory, a single photocell colorimeter in which the transrnittancy is 
indicated by the deflection of a microammcter is probably suit"hlc .  This 
may be calihrated using the particular test tubes (usually 1 5 - 1 8  mm .)  which 
fit the holder. The data presented in tahle 1 were taken from two runs 
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made on successive clays with sucrose solutions which were freshly prepared 
just before the tests were conducted. It is difficult to evaluate the precision 
of the method with only two runs, hut the difference between these runs 
amounts to about 2 percent, hased on the sucrose content . 

If it is desired to use a visual comparison method, Lovihund standard 
calor plates may be used in a suitable constructed comparator. It is possible 
to make close matches between the plates and the coloring matter produced 
in the anthrone test . This method offers an advantage if  the samples are 
turhid heciw;c onc can disregard the turhidity to a large extent in  matching 
coIors. 
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FIgure 4.- -Rate of COIOl development in s01uticns of anthrone reagen[ and sugar 
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Table 2.-Rate of calor development in anthrone test. 

P.P .M. Sucrose 

250 
1 2 .  

.0 
2 5  
1 2 . 5  

Maximum 
Density 

2 . 0 7  
1 .05 
0.49 
0.24 
O . l a  

T i m e  to reach O.9;j maximum density 
(minimum) 

1 . 8  
1 . 5  

2 . 1  
I .R 
1 ." 

Time to reaeh 0.90 maximum density 
( m inimum ) 

1 . 4  
1 .0 
1 . 1  
1 . 1  
1 . 1  

Primary standards made up from the  anthrone reagent and sucrose 
solutions of known conccntra tion and sealed in Pyrex tubes were nut 
found to be satisfactory because the blue calor gradually fades and the 
solution becomes slightly cloudy. At the higher sugar concentrations, a 
slight amount of dark-colored material coats the inside of the tubes. 

Other calor standards which might be used include col or transparency 
film such as Ekatchrome, hand-eolared cards or Carbro prints. These have 
not been found to be satisfactory, inasmuch as the colors in the film are 
not permanent and the latter two means make use of refJected rather 
than transmitted light. 

Effeet of Impurities 

The iUlpurities cornnJonly prescnt in the condensed water I:'anl
pIes of a heet sugar factory do Ilot interfere seriously i n  this test. 
S olutions of diffusion juice, thick juicc� mol asses and Steffen filtrate 
were prepared� each containing 200 p.p.lll. of sucrose. The blue-green 
colors COI"rued i n  the first three solutions were closely the 8anH:"� but 
an olive-green color was ohtained with the Stcffen filtrate saluple. 
This i s  not surprising when the low sugar t o  solids ratio of this IlIa
terial is considered. A special calibration wou l d  be required for the 
accurate measurenlcnt of the sucrm�e content of cOl1den�ed waters 
containing S teffcn filtrate. 

Comp arison With Alph a-Naphthol Test 

The main advantage of anthrone is that it gives a more accurate and 
more sensitive test than cc �naphthol .  The coloring matter is distributed 
throughout the whole body of the solution and is not concentrated in et 
shallow ring. Furthermore. the extent of agitation of the tube has no effect 
on the test �s it does with cr -naphthol . Solutions containing 1 0  and 25 p .p .m.  
can be  readily  distinguished from each other. It is very difficult with the 
cr -naphthol test to make this distinction. 
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