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The present application is a division of application 
Serial No. 301,879 ?led August 13, 1963 ‘and has been 
?led pursuant to a requirement for restriction made in 
said application Serial No. 301,879, under 35 U.S.C. 121. 

This invention relates to the improvement of tobacco 
smoke, ?lters, and cigarettes for the reduction of metal 
content, e.g., metal carbonyls, in the smoke. Strictly 
speaking, a metal carbonyl is a compound of metal and 
carbon monoxide, but in a broader sense the term metal 
carbonyl also includes the analogous metal nitrosyl car 
bonyls and the metal hydrocarbonyls, which are similar 
compounds in which one of the carbonyl groups has been 
replaced by a nitrosyl or a hydrocarbonyl group, and ex 
cept where the context indicates to the contrary, the term 
is employed in said broader sense herein. Metals may 
also be present in the smoke in other forms, and the 
term metal content of the smoke has reference to the 
metal present therein whether in the form of gaseous 
metal carbonyl compounds or otherwise. 

Objects of the invention, severally and interdependently, 
are to provide an improved cigarette having a substantially 
reduced content of metal in its smoke output as compared 
to conventional plain or ?lter-tipped cigarettes; to provide 
a process for the puri?cation of tobacco smoke by remov 
ing metals therefrom by converting the same to non-volatile 
materials; to provide an improved cigarette smoke from 
which selected metals are substantially reduced or elimi 
nated; to provide ‘an improved method and cigarette, or 
cigarette ?lter, in which metals present in tobacco smoke 
in small amounts ‘are converted to forms, e.g., non-volatile 
materials, in a manner which effectively prevents their 
leaving a cigarette in the smoke; and to provide an im 
proved method and cigarette in which a ligand material 
is reacted with metals in the tobacco smoke and converts 
them into non-volatile compounds. 

Other objects and advantages of the invention, and of 
preferred embodiments thereof, will be apparent from the 
following description and from the illustrative examples 
appended thereto. 
The invention resides in the new and useful methods 

and products herein disclosed, and is more particularly 
de?ned in the appended claim. 

GENERAL DESCRIPTION 

Conventional tobacco smoke, more particularly conven 
tional cigarette smoke, contains substantial traces of 
metals, and especially of transition metals, e.g., nickel, co 
balt and iron, and such materials are reported to be toxic 
and carcinogenic to animals. 

Thus, it has been reported in a paper by the Drs. F. W. 
Sunderman (Sr. and Jr.), based on tests of six different 
brands of cigarettes, that nickel carbonyl containing from 
0.4 to 0.6 microgram nickel per cigarette (corresponding 
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to about 20% of the total nickel of the tobacco) passes 
through the butt and ?lter of conventional plain or ?lter 
cigarettes, reaching the smoker (Medical Science, page 617, 
May 25, 1961; American Journal of Clinical Pathology, 
35, 203 (1961)). In studies with rats, small amounts of 
nickel carbonyl were found by the Drs. Sunderman to be 
carcinogenic. The nickel delivered in the smoke drawn 
from the butt ends of the cigarettes amounted to up to 8 
micrograms nickel per pack of 20, or 23.5 micrograms 
nickel as nickel carbonyl per pack of 20 of un?ltered cig 
arettes; and up to 12 micrograms nickel or 35 micrograms 
of nickel as nickel carbonyl per pack of ?ltered cigarettes. 
On the basis of their studies cumulative exposure to these 
quantities of nickel was suggested by the Drs. Sunderman 
to be a possible cause of the so-called smokers pulmonary 
cancer. Based on the reported ?gures, a person who 
smokes a pack of cigarettes per day over a period of a year 
subjects himself to about one and one-half times the 
amount of nickel required to induce pulmonary cancer 
in rats, which are considered to be notably resistant to 
pulmonary cancer. 

Aside from the nickel reported, it has ‘been found that 
traces of volatile cobalt and iron are also present, ap 
parently as carbonyls, in cigarette smoke. The cobalt 
is present in somewhat smaller amounts than the nickel, 
about 13 micrograms of cobalt passing the ?lters per pack 
of ?lter cigarettes; and the iron is present in at vleast about 
twice the amount of nickel in the smoke of some brands 
of cigarettes. 

Aside from the carcinogenic aspects of metal carbonyls 
reported by the Drs. Sunderman, it has long been known 
that such metals are highly toxic and dangerous materials 
even in trace amounts. Thus Sax, Handbook of Dangerous 
Materials, published in 1951 by Reinhold Publishing Com 
pany, New York, prescribed a maximum allowable con 
centration of cobalt in the air as 0.4 part per million, and 
the Twenty-Second American Conference of Govern 
ment Hygienists in April 1960 placed the maximal atmos 
pheric concentration of nickel carbonyl for a working day 
at 1 part per billion (A.M.A. Arch. Environmental Health 
1, 140444, year 1960). Iron carbonyl is also considered 
to be toxic, although less toxic than nickel and cobalt 
carbonyls. Accordingly, the cumulative toxicity effects of 
these three metals in tobacco smoke can be expected to be 
greater than that reported for nickel alone. ' 

Likewise, aforesaid Drs. Sunderman in the above cited 
paper, demonstrated that cigars and pipe tobacco contain 
nickel in amounts similar to cigarette tobaccos, and sim 
ilar amounts of nickel per gram of tobacco smoked can 
reach the smoker. Some pipe tobaccos contain 6 micro 
grams nickel per gram of tobacco, 6 micrograms cobalt 
per gram of tobacco and over 400 micrograms iron per 
gram of tobacco, of which over a microgram of each 
metal per gram of tobacco smoked can reach the smoker 
in conventional methods of smoking. 

Hence it is evident that the quantities of transition metal 
present in the smoke from conventional plain and ?lter 
cigarettes and from cigars and pipe tobacco exceed the 
quantities deemed objectionable by the above authorities. 
By the present invention such content of transition metal 

may be reduced in, or practically eliminated from, the 
tobacco smoke from such smoking articles, and this in 
vention thus ‘can serve as a safeguard to smokers against 
excessive exposure to such metals. 



3,291,140 
3 

The new process for the treatment of tobacco smoke 
is based on the reduction of transition metal content of 
tobacco smoke by the formation of non-volatile com 
plexes or low-volatility complexes or salts by combina— 
tion of the metal carbonyl or other metal content of 
the tobacco smoke with a ligand, which for the purposes 
of this invention said ligand is an aromatic compound 
having a combination of at least one hydroxy radical 
and at least one other polar radical attached to the same 
aromatic nucleus, which compound acts as a complex 
ing agent to form complexes of low volatility with tran 
sition metal content of tobacco smoke in the presence 
of other constituents of tobacco smoke, more particularly 
in the presence of moist carbon dioxide. The practice 
of the invention does not depend on the formation of 
exact empirical complexes since mixtures of such com 
plexes may be formed with equal bene?t for the process. 
Thus the ligands of this invention are principally aro 
matic compounds having one or more hydroxy (oxy) 
radicals attached to aromatic nuclei and such hydroxy 
groups in most of these ligands are in the ortho posi 
tion to certain other groups which, with said hydroxy 
group of said compounds capable of forming relatively 
stable salts or complexes, or chelates of certain tran 
sition metal compounds, e.g., the carbonyls of nickel 
cobalt and iron. 

Ligands hereof containing transition metal chelating 
groups and including thereamong at least one hydroxy 
group can be represented by the following Formula A: 

[-?-OH —O—X 

in which the position of the double bond may be shifted, 
as it is part of an aromatic ring, and in which X is 
selected from those other radicals which in combina 
tion with the ortho-hydroxy radical are capable of com 
plexing certain transition metal compounds and such 
other radicals include: 

TABLE A 

Markush Group of Radicals from 
which the Radical (x) in the 

Formula. A is selected 

Ligand Group 

Comprising both radical (X) and 
the hydroxy radical ortho thereto 

1. Carbonyl [0:0] 

2. Carboxyl [ C=O] $11 

o-Hydroxy-carbonyl. 

Do. 

o-Hydroxy-amide. 
o-Hydroxy-N-monoasubstituted 
am es. 

o‘Hydroxy-N-disubstituted 
amides. 

2“ o-Hydroxy-azomethine. 

5. Am [-—N=N—-l o-Hydroxy-azo. 

6. Nitroso [—-N=O] o-Hydroxy-nitroso. 

\ 
7. Oxazone C—O—-O o-Hydroxy-oxazone. 

/ s I\ 
/ 

—-C: -—C 
\ 

8 Oxazine —C=O——C o-Hydroxy-oxazine. I \ 
/ 

——C=N-—C 
\ 

/O 9. Lactone [0:0 >:| Hydroxyl-lactone. 
10. Hydroxy [-OH] o-Hydroxy-hydroxy. 

When the ligands hereof have chromophore and/or 
auxochromophore groups they are colored, for example, 
the mordant type dyes have metal complexing groups 
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4 
similar to those set forth in Table A above and there 
fore such mordant dyes in their unmordanted form may 
be employed as ligands for the purposes of this inven 
tion and the members of the mordant class of dyes are 
set forth throughout pages 1405-1616 of volume 1 
(second edition, 1956) of the Colour Index (edited by 
The Society of Dyers and Colourists, and The American 
Association of Textile Chemists and Colorists). 

Iron, nickel and cobalt or other transition metal com~ 
pounds present in tobacco smoke will combine with 
unmordanted mordant dyes in the presence of other 
ingredients of tobacco smoke. 
Thus mordant dyes in their unmetalized form (un 

mordanted form) and capable of complexing or combin 
ing with the transition metals of tobacco smoke are con 
sidered ligands for the purposes of this invention. 

This invention comprises: 
(1) the method of treating tobacco smoke which 

comprises reducing the content of transition metal there 
in by contacting said smoke with a ligand as herein 
described; 

(2) a ?lter element for reducing the transition metal 
content of tobacco smoke, said ?lter element includ 
ing a substance comprising a ligand as herein described; 

(3) a new article of manufacture, a cigarette having 
exposed in the path of the tobacco smoke therein means 
for reducing the content of transition metal thereof, said 
means comprising a ligand; and in this invention the term 
“ligand” means a substance which contains at least two 
functional groups which are attached to two adjacent 
carbons of an aromatic moiety and one of said functional 
groups comprising a hydroxy group and the other of 
said functional groups being a group having atoms select 
ed from the class consisting of oxygen, nitrogen and 
combinations of these atoms and said other group being 
selected from the class consisting of carbonyl, carboxyl, 
amide including N-mono-substituted and N-disubstituted 
amides, azomethine, azo, nitroso, oxazone, oxazine, 
lactone, oxy and combinations of such groups and said 
ligand being capable of removing transition metal com 
pounds from tobacco smoke. 
Thus volatile metal compounds in the cigarette smoke 

by the present invention are converted to non-volatile 
complexes by contacting the smoke with one or more 
ligand aromatic ortho-hydroxy compounds as above 
de?ned. 
The complexes are formed by passing the smoke con 

taining the metal compounds into contact with one or 
more of said ligands or over or through a ?lter material 
acting as a carrier body for the ligand material, and 
preferably comprising ?brous material, for example, cel 
lulose ester tow, e.g., cellulose acetate tow prepared with 
the ligand thereon and/or therein, or wholly or partly 
coated with the ligand or with material such as activated 

, carbon carrying the same. 
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To remove the transition metal compounds at least in 
part from tobacco smoke the ligands hereof are inter 
posed in the path of said tobacco smoke as for example 
by depositing 0.01 to 10% preferably 0.5 to 5% by weight 
of such ligand material on the ?lter or other material 
located in the path of the tobacco smoke. 

In the practice of the invention for example in making 
tobacco smoke ?lters one or more of the ligands or com 
plex-forming compounds or components with or without 
a solvent or plasticizer are preferably dispersed on solid 
adsorbents; for example, the liquid or complex-forming 
components may be vaporized onto an adsorbent mate 
rial, or a solution of a ligand may be applied to adsorbent 
material such as carbon, e.g., activated carbon, silica, 
pumice, vermiculite, clay, asbestos, polyesters, poly 
styrene, and cellulosic materials, e.g. cotton, cellulose, 
cellulose acetate, cellulose acetate-butyrate, cellulose 
propionate, tobacco, and other absorbing materials hav 
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ing a high surface area per unit weight or per unit 
volume. 
The ligand material of the present invention may be in 

corporated in or with the smoke-permeable bases, car 
riers or ?lters which themselves may embody various 
adhesives, adsorbents and surface area augmenting ma 
terials, and such incorporation of ligand material also 
may be made during the manufacture of the ?lter mate 
rial or ?lters and thus such ligand materials can be in 
corporated with the materials and during the processes 
as disclosed, for example, in US. patents as follows: 

Number: Issued 
2,215,620 ________________________ _.. 9-24-40 

2,228,383 ________________________ __ 1-14-41 

2,770,241 ________________________ .._ 11-13-56 

2,916,777 ________________________ __ 12-15-59 

2,917,054 ________________________ __ 12-15-59 

2,928,399 ________________________ __ 3-15-60 

2,928,400 ________________________ __ 3-15-60 

2,940,456 ________________________ __ 6-14-60 

2,948,282 ________________________ __ 8-9-60 

3,033,212 ________________________ __ 5-8-62 

3,033,698 ________________________ __' 5-8-62 
3,038,478 _________________________ __ 6-12-62 

3,038,780 ________________________ __. 6-12-62 

The invention as above disclosed will be more fully 
understood by reference to the following examples of 
materials which may be employed as ligands for the prac 
tice of this invention and which examples are to be taken 
as illustrative and not restrictive of the invention. 

1. The o-hydroxy-carbonyl ligand-The ligands of this 
group embrace the structure, 

and include the following sub groups of ligands: 
1 (a). The aromatic hydroxyl-ketone ligands-This 

group of o-hydroxy-carbonyl ligands having the formula 
OH 

C-Ra 

R1 
2 

in which R1, R2 and R3 are radicals selected from the 
‘group consisting of hydrogen, C1 to C12 hydrocarbon radi 
cals (including alkyl, aryl, alkaryl, aralkyl, cycloalkyl, al 
kylcyeloalkyl radicals), =CO, —CHO, —COOH, -—OH, 
—OR, —NOZ, —NH—CO—R, -—SO2NH2, —SOZNHR, 
—SO2NRR, -SO2R, —SOSH, —OONHg, —CONHR, 
-CONRR, —NH2, —NHR, —NR and halogen radi 
cals; and R is a C1 to C12 hydrocarbon radical. 

Usable as ligands of this group are compounds hereto 
fore used as mordant dyes as for example those repre 
sented by Formulas I and II hereafter and the like as 
follows: 
(1) HO OH 

O 

Alizarine Yellow C 
((11, No. 57000) 

(II) HO OH 

HO {>50 
Allzariue Yellow A 
(CI, :No. 57005) 

The C1. numbers as used herein refer to compounds 
heretofore employed as dyes or dye intermediates and 
such C.I. numbers in the above cited Colour Index 2nd 
Edition (1957). Where, in the Colour Index. the Cl. 
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6 
number cited refers to a metalated dye, e.g., with copper, 
chromium, cobalt, nickel or iron, it is to be understood 
that as a ligand hereof the compound should be in un 
metalated form in reference to these metals. 

1(b). The naphthaquinone ligands.—The o-hydroxy 
carbonyl ligands of this group have one of the formulae 

OH E) OH % 

R1 R1 

112% R! or RZ€GR1 || || 
0 OH 0 

wherein R1 and R2 are radicals ‘selected from the group 
consisting of -NHC6H5, -O-C6H5, —OH, -—-SO3H 
and hydrogen radicals. 

Usable as ligands of this group are compounds hereto 
‘fore employed as naphthaquinone dyes and designated by 
the CI. numbers: 57010, 57015, 57020, 57025 and 57030. 

1(a). The anthraquinone ligands.—-This group of o 
hydroxy-carbonyl ligands have the formula 

*Including the isomer with N in starred position, 

wherein R1 and R2 are selected from the radicals consist 
ing of -—-0H, -SO3H, —NOZ, —COOH, -NH2 and 
hydrogen. 

Usable as ligands of this group ‘are compounds here 
tofore employed as anthraquinone dyes and designated 
by the Cl. numbers: 

58000 58065 58245 58605 63020 
58005 58200 58250 58610 67405 
58010 58205 518255 58615 67410 
58015 58210 58260 58620 67425 
58020 58215 58500 60765 67430 
58050 58220 58510 60875 67435 
58055 58230 58550 60880 
58060 58240 58600 63015 

and the like. 
1 (d). The anthrahydroxy - phthalein ligands.-This 

group of o-hydroxy-carbonyl ligands is represented by 
compounds heretofore employed as anthrahydroxy 
phthalein dyes and designated by the Cl. numbers 45505 
and 45510, and the like. 

2. The hydroxycarboxyl ligands.-The ligands of this 
group embrace the structure 

il-OH 
/C—(|J=O 

O 
H 

and include the following subgroups of ligands. 
2(a). The substituted phenyl-o-hydroxycarbonyl lig 

ands represented by the formula 

<3 
wherein R1, R2 and R3 are similar radicals to those set 
forth under 1(a) heretofore. 
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2 (b). The substituted naphthyl-o-hydroxycarbonyl lig 
ands represented by the formula 

I wherein R1, R2 and R3 are similar radicals to those set 
forth under 1(a) heretofore. 
Examples of these -o-‘hydroxycarboxyl ligands include: 

Salicylic acid 
S-sulfosalicylic acid 
5-arni-nosalicylic acid 
S-bromosalicylic acid 
Z-hydroxynaphthoic 
l-hydroxy-Z-naphthoic acid 
3-hydroxy-2-naphthoic acid 
2,3-cresotic acid 
2,4-cresotic acid 
2,5-cresotic acid 
p-Resorcylic acid 
3-methyl-l3-resorcylic acid 
S-hydroxy-tri-mellitic acid and other hydroxy-mellitic 

acids and mixtures of hydroxymellitic acids 
1,4-dihydroxy-2-anthraquinonecarboxylic acid 
3-hydroxy-2-anthroic acid 
Galacturonic acid and the like. 

2(a). The azo-o-hydroxycarboxyl ligands.-—-The lig 
ands of this group include the mon-oazo, disazo and tris 
azo compounds with the lower molecular weight com 
pounds usually being preferred for such can bind a 
greater quantity of metal based on the weight of the 
compound. These compounds, if desired, may be ap 
plied to the ?lter material as a sodium salt, as for ex 
ample: 

COONa 

‘C.I. Mordant Yellow 18 
(10.1. No. 13990) 

OH 

and may then be acidi?ed at least in part to yield the 
free o-hydnoxycarboxylic acid 

COOH 

2(c-1). The m‘onoazo o-hydroxycarboxy ligands in 
clude ligands represented by the formulae: 

wherein R1, R2 and R3 are similar radicals to those set 
forth under 1(a) heretofore. 
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8 
Usable as ligands of this group are compounds here 

tofore used as dyes and designated by the Cl. Nos.: 

13990 14035 14080 14140 
13995 14040 14085 14150 
14005 14045 14090 14180 
14010 14050 14095 14185 
14015 14055 14110 14190 
14020 14060 14115 14195 
14025 14070 14130 14200 
14030 14075 14135 14655 

2(c-2). The disazo-o-hydroxy-carboxyl ligands.-—'Ilhe 
ligands of this group are similar in structure to the m0no~ 
azo compounds set [forth under 2(c-1) heretofore except 
such are disazo compounds having two azo groups and 
because of their higher molecular weight are less pre 
ferred. 

2(c-3). The trisazo and polyazo-o-hydroxy-carboxyl 
ligands.-——'l"»he ligands in this group are similar in struc 
ture to the monoazo compounds set ‘forth under 2(0-1) 
heretofore except that these compounds have three azo 
groups and therefore because of their higher molecular 
weight are less preferred. 

2(d). The triarylmethane-o-hydroxy-carboxyl lig 
ands.—Ligands of this group include the triphenyl-rneth 
ane o-hydroxy-carboxyl ligands such as the compounds 
heretofore used as dyes designated by the Cl. numbers: 

43550 43570 43845 
43552 43810 43860 
43555 43815 43865 
43560 43820 43866 
43565 43840 43870 

44100 

The compounds heretofore used in the phth'alein dyes 
designated by C1. numbers 45445, 45450 and 45455 
may also be employed as ligands in the present inven 
tion. 

3. The o-hydroxy-amide ligands.—This class comprises 
the ligands represented by one of the formulae: 

in which R1 and R2 are radicals selected from the C1 
to C18 hydrocarbon radicals. 

4. The o-hydroxy-azomethine ligands.-—This vgroup of 
o-hydroxy-azomethine ligands have the common radical 
represented by the formula 

in which R1 is a hydrocarbon or substituted hydrocarbon 
radical and include ligands represented by the following 
formula including the hydroxy-oximes, hydroxy-aldimines, 
hydroxy-ketimines and such compounds as the following 

wherein R1 and R2 are similar radicals to those set forth 
under 1(a) heretofore. 
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5. The o-hydroxy-azo ligands.—Tl1e o-hydroxy-azo 
ligand can embrace the structure 

\C—N=N 
/ 

and include the following subgroups of ligands: 
5(a-1). Monoazo and disazo ligand compounds hav 

ing the o-hydroXy-azo group including such structures 
as represented by the following: 

OH 
R1 I R1 

2 R2 

(‘>13 

and similar disazo compounds in which R1 and R2 are 
radicals selected from the radicals set forth under 1(a), 
6mg. ~—CH3, "—~NO2, '_C1, —SO3H, '—NH2, 
—CONH2 or hydrogen radical etc. 

5 (b). The 0,0-dihydr0xy-az0 ligan‘ds.—These ligands 
embrace the structure 

RL. 

and include compounds heretofore employed as :rnonoazo, 
disazo ‘and polyazo dyes. They have the structural for 

wherein R1, R2 and R3 are similar radicals to those set 
forth under 1(a) heretofore. 

Examples of the ligands of this group are the o,o-di 
hydroxy-azo ligand compounds, which compounds have 
heretofore been employed as dyes designated by the Cl. 
numbers: 

11940 14875 16055 18845 
11970 15670 16060 18870 
14305 15675 16070 18880 
14640 15680 16705 18885 
14641 15685 17105 19050 
14740 15690 18090 19240 
14765 15695 18160 19345 
14850 15705 18180 19600 
14855 15710 18750 
14860 15955 18760 
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10 
Among the above examples of ligands are also included 

dihydroXy-azo ligands which have a nitrogen contain 
ing ring, e.g., a pyrazole ring or a quinoline ring such as 
the following: 

I 
GEEK-(300E, —COOR and -—CONH2) 

OH HO _R1 
R1 1 

>—N=Nm —R2 N 
R2 

and the like. 
6. The o-hydroxy-m'troso ligands.—Ligands having the 

o-hydr-oXy-nitroso \ ‘roup embraced !by ‘the following struc 

include compounds such as: 

l-nitroso-Z-naphthoL6-sulfonic acid 
1~nitroso-2-naphtho1-4-sulfonic acid 
l-nitr-oso-Z-naphthol 
2-nitroso-1-naphthol 
Chromotropic acid dioxime 
Nitnosochromotnopic acid 
2,4-dinitroso-3,5-dihydroxy-toh1ene 
2,4-dinitroso-1,3-dihydroXyJbenzene 
o-Nitrosocresol 
Z-nitroso-1-naphthol-4-sul?onic acid 
4-nitrosoresorcino1 
Nitroso-R-salt 
p-Nitroso-thy-mol 

7. The o-hydroxy-oxazoine ligands.--Ligands having 
the ortho-hydroXy-oxazone group 

are exempli?ed by compounds heretofore used as dyes 
and designated by the Cl. numbers 51405, 51410. 

8. The o-hydroxy-oxazine ligands_—Ligands having the 
orfho-hydroxyaoxazine group 
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include compounds heretofore used in dyes and identi?ed 
by the Cl. numbers 51025, 51030, 51040, 51045, 51050, 
51060, 51065 and 51070. 

9. The hydroxy-lactone ligands.—Ligands of this class 
have both the hydroxy ‘group and a laotone ‘group and as 
such ligands may be employed compounds heretofore 
used as dyes and identi?ed by the Cl. numbers 55000, 
55005 and 55010. 
Among the compounds included in subclasses 1 through 

9 above are the mordant dyes and for the purposes of 
the present invention the mordant dyes ‘are inconporated 
in the cigarette ?lters in essentially unmordanted form, 
and thus are present in a form capable of combining with 
and extracting from tobacco smoke the transition metal 
content thereof. 
By the term “unmordanted” is meant the mordant dye 

stutf is essentially free of metal ions which mordant or 
insolubilize the dyestu?, e.g., is essentially tree of alu 
minum, iron, manganese, chromium, nickel, cobalt, cop 
per, zinc, calcium, lead and other metals including the 
transition metals of sub-groups 1V, V and VI of the Pe 
riodic Table. For purposes hereof the mordant dyestuff 
is sometimes employed in the form of a water soluble 
salt, e.g., an alkali metal, ammonia or amine salt. 

10. The o-dihydroxy ligands.—The ligands of this 
group have at least one aromatic radical with two hy 
droxy groups in ortho position to one another and such 
ligands embrace the following structure: 

Included among the compounds of this class is pyrogallol, 
catechol and the alkyl substituted catechols, pyrocatechol, 
methyl pyrocatechol, the 1,2,3-trihydroxybenzene, the 
1,2,4-trihydroxy—benzene, the tetrahydroxyabenzenes, hex 
ahydroxy-benzene, similar compounds of the naphthalene 
series gallic acid, m-ditgallic acid, the tan-nic acids, the 
tannins protocatechuic acid, 1,2-dihydroxybenzene-3,5 
disulfonic acid, 9-methyl-2,3,7-trihydroxy-6-?urone, and 
the dyestuffs having such structure as for example 

HO OH 

HO 

803E 

pyrocatechol vl‘olet 

EXAMPLES 

In the following examples wherein coating procedures 
are not otherwise described, ?lters were prepared as fol 
lows: The manufacturer’s ?lters were removed from 
Brand A ?lter cigarettes and 0.5 ml. of an aqueous and/or 
alcoholic solution of the ligand was added dropwise to 
the ?lters. The individual ?lters average 0.125 g. in 
weight. The proportions of water and alcohol in the so 
lution were adjusted for ligand solubility considerations. 
Where the ligand was a dyestutf and the acid form of the 
dye was desired the major portion of the solvent mixture 
used was alcohol, and the required amount of hydrochloric 
acid was added thereto to convert the commercial so 
dium or ammonium salt of the dye to its acid form. 
The inorganic salts present in most commercial dyes 
were removed by dissolving the dye in a solvent e.g., 
alcohol and ?ltering or the insoluble salts were allowed 
to settle out and only the soluble organic dye material 
was added to the cigarette ?lters. When the salt of the 
dye was desired as the coating agent the alcohol was 
diluted with water, thus increasing the dye salt solubility. 
The amount of dye present in the 0.5 ml. of solution was 
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12 
varied to ‘give from 1% to 10% as desired. The ?lters 
were observed to be substantially uniformly colored by 
the 0.5 ml. of dye solution, and were dried at 50° C., 
atmospheric moisture equilibrated at room temperature 
and about 70% humidity, and each ?lter was employed 
for filtering the smoke of one Brand A cigarette from 
which the manufacturer's ?lters had been removed.v A 
sample for analysis consisted of 60 smoked ?lters. 
An alternate procedure was to use the dyed ?lter as a 

back-up ?lter for smoking Brand A ?lter cigarettes. In 
this procedure a direct comparison of effectiveness of the 
transition metal absorptions by conventional ?lters and 
the ?lters of this invention is possible. 
The analysis of the tobaccos of the Brands A, B, C 

and D employed in these tests showed the following range 
of metal contents. 

Brand A: Micrograms per cigarette 
Iron __________________________ __ 353 to 1150 

Nickel _________________________ __ 1.06to 10.0 

Cobalt ________________________ __ 0.7 to 1.8 

Brand B: 
Iron ___________________________ __ 288to 352 

Nickel _________________________ __ 0.4 to 6.2 

Cobalt _________________________ __ 0.75 to 0.9 

Brand C: 
Iron ___________________________ __ 440to 600 

Nickel ________________________ __ 2.8 to 3.4 

Cobalt ________________________ __. 0.8 to 1.9 

Brand D: 
Iron __________________________ .._. 310to 460 

Nickel ________________________ __ 0.8 to 5.2 

Cobalt ________________________ __ 1.4 to 1.8 

Since such variations occur in the metal content of the 
same brand of cigarettes it is apparent that the smoke will 
vary widely in metal content and each lot of cigarettes 
must have control tests run with conventional ?lters for 
comparison with the ligand treated ?lters of this invention. 

Example 1 
A suspension-solution was prepared by stirring 1 gram 

of the red compound 2,4-dibenzene-azoresorcinol, with a 
mixture of 60 g. benzene and 15 g. isopropanol. Cellu 
lose acetate tow (5.024 g.) was immersed in the resultant 
suspension-solution for 18 hours and then, with 50 g. of 
absorbed liquid, was placed in a 70° C. air stream for 2 
hours. The tow was equilibrated with the atmospheric 
moisture until a constant weight was reached and the 
coated tow contained 10% of the red compound. The 
tow was divided into 20 portions weighing 0280:0005 
g. and each portion was employed as a back-up ?lter for 
smoking two Brand A ?lter cigarettes. The back-up 
?lter was prepared by ?tting the tow snugly into a 5/16" 
ID. glass tube which served as a cigarette holder for the 
cigarettes. The amounts of iron and cobalt absorbed per 
cigarette smoked were as follows for the manufacturer’s 
?lter and the back-up ?lter: 

_ _ Manufacturer's Back-Up Filter 
Transition Metals _ Filter (inicrograms/ 

(micrograms/ cigarette) 
clgarette) 

011 _________________________ __ 15. 0 36. 7 
Cobalt ______________________ __ None 0. 02 

Example 2 

Five grams of Cl. Mordant Red 7 (CI. 18760) was 
dissolved in 400 grams warm water and 7.928 g. of cel 
lulose acetate tow was immersed in the solution for ?ve 
minutes. The cellulose acetate material after drying at 
70° C. was equilibrated with the atmospheric mois 
ture and the tow contained 7.7% of the dry material. 
Sixty Brand A ?lter cigarettes were smoked in pairs using 
a 0.264 g. (:0.005 g.) portion of the dyed tow as back 
up ?lter material for each pair of cigarettes. Analysis of 
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the thirty used back-up ?lters showed absorption of 38.8 
micrograms of iron per cigarette smoked while the manu 
facturer’s ?lter showed absorption of 2 micrograms of 
iron per cigarette smoked. The structure of this dye ma 
terial is as follows: 

l 10 
CH3 

Example 3 

Five grams of Cl. Mordant Yellow 30 (CI. 18710) 
was dissolved in 400 grams warm water as in Example 1 
and 7.734 g. of cellulose acetate tow was immersed in the 
solution for 5 minutes, squeezed, immersed in acid, 
squeezed dry, and dried at 70° C. The equilibrated 
sample contained 2.5% of the dye ligand material. Sixty 
Brand A ?lter cigarettes were smoked in pairs as in Ex 
ample 2 using a 0.258i0.005 g. portion of the dyed tow 
as a back-up ?lter. Analysis of the used back-up ?lters 
showed absorption of 17.6 micrograms of iron, 0.30 
microgram of nickel and 0.43 microgram of cobalt per 
cigarette smoked vs. 3.2, 0.17 and 0.18 micrograms of 
iron, nickel and cobalt absorbed respectively by the 
manufacturer’s ?lter per cigarette smoked. The structure 
of the dye ligand material of this example is: 

N) 5 

30 

Example 4 35 

Example 2 was repeated using the dye C.I. Mordant 
Blue 1 (CI. 43830) with 8.3 grams of tow. The wet ma 
terial was immersed in dilute hydrochloric acid solution 
and dried. The coated tow was used as back-up in smok 
ing sixty Brand A ?lter cigarettes which Were smoked 
in pairs using a 0.277 g. (i0.005 g.) portion of the dyed 
tow as back-up ?lter for each pair of cigarettes. Analy 
sis of thirty used back-up ?lters showed absorption of 
0.76 microgram of nickel per cigarette smoked vs. 0.17 
microgram nickel absorbed per cigarette for the manu 
facturer’s ?lters. 
The structure of this dye ligand material is: 

40 

COOH 

OH 

60 
Example 5 

Example 4 was repeated but omitting the acid treat 
ment, thus allowing the Cl. Mordant Blue 1 ligand ‘dye 
to remain as the sodium salt of the structure shown in 
Example 4 (the treated tow absorbed 4% dry). Smoking 
of 60 Brand A ?lter Cigarettes in pairs was conducted 
using a 0.262 g. ($0.005 g.) portion of the tow as back 
up ?lter for each pair of cigarettes. Analysis of the used 
back-up ?lters showed absorption of 20.0 micrograms 
iron, 1.8 micrograms nickel and 0.43 microgram of co 
balt per cigarette smoked in comparison with 3.2, 0.17 
and 0.18 micrograms of iron, cobalt and nickel per ciga 
rette respectively absorbed by the manufacturer’s ?lter 
during smoking. 75 

14 
Example 6 

The dye C.I. Mordant Red 3 (CI. 58005) was used 
as the sodium salt in this experiment to coat 7.55 g. 
of cellulose acetate tow to give 1.3% dry dye content. 
The smoking test was conducted as in Example 2. The 
back-up ?lters, of this invention showed absorption of 
77.5 micrograms iron, 0.61 microgram nickel and 0.235 
microgram cobalt per cigarette smoked vs. 3.2, 0.17, and 
0.18 microgram iron, nickel and cobalt respectively per 
cigarette for the smoked manufacturer’s ?lter. The struc 
ture of this dye is as follows: 

0 OH 
H 

—-OH 

-—SO3Na 

|| 
0 

Example 7 
Example 2 was repeated using 7.55 g. cellulose acetate 

tow containing about 2.5% total acidi?ed Tartrazine dye 
C.I. Food Yellow 4 (CI. 19140) contents. Smoking was 
conducted with sixty Brand A ?lter cigarettes as in Ex 
ample 2, but using the presently prepared ligand-coated 
cellulose acetate as back-up ?lter. Analysis of the ?lter 
material after use showed absorption of 64.5 micrograms 
of iron per cigarette smoked in comparison with 0.75 
microgram absorbed by the manufacturer’s ?lter per ciga 
rette smoked. The structure of this ligand dye is as 

1 
COOH 

Example 8 

FD & C Yellow No. 6 (CI. 15985) was used to coat 
cellulose acetate ?lters of Brand A ?lter cigarette. The 
aqueous solution of the commercial dye (5 g. in 400 ml. 
water) coated the tow with the sodium salt and the wet 
tow was immersed in 1% hydrochloric acid solution to 
convert it to the free acid form: 

110 

The ?nal dried and equilibrated tow showed about 
1.3% dye had been absorbed. Each ?lter was used to 
?lter the smoke of a Brand A cigarette. Likewise 300 
“non-dyed” ?lters were used as a control in substantially 
identical smoking tests. Analyses of sixty ligand treated 
?lters showed the following absorptions of iron and nickel 
per cigarette smoked in comparison with the manufac 
turer’s ?lters: 

Non-dyed Manu- Dyed Manu 
Transition Metal facturer’s Filters iacturer's Filters 

(microgram/cigarette) (micrograms/cigarette) 

Iron _________________ .1 1. 0 3. 7 
Nickel ______________ ._ 0. 16 0. 27 

Example 9 

Chrome Fast Black FWX or Cl. Mordant Black 5 
(Cl. No. 26695) was employed as in Example 8 to dye 
?lters taken from Brand A ?lter cigarettes. About 8% 
of total dye material was found absorbed by the dried 
dyed tow. The smoking test conducted as in Example 8 
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showed the following metal absorptions in comparison 
with the controls: 

Non>dyed Manu- Dyed Manu 
Transition Metal facturer’s Filters ‘ facturer’s Filters 

(microgram/eigarette) (micrograms/cigarette) 

Iron _________________ __ 1. 0 9.6 
Niekel-___ 0.16 0.49 
Cobalt ______________ __ 0. 05 0. 22 

The structure of this ligand dye is as follows: 

NaOOCIE (OH) HCI) 

NaO3S 
Example 10 

Example 8 was repeated but using Chrome Fast Brown 
EBC or Mordant Brown 1 (Cl. No. 20110) as the dye 
to treat the cellulose acetate tow and the dye salt was 
not acidi?ed. The dyed ?lter contained about 3.5% total 
dye components. Comparative data of metal absorption 
from the smoke using the non-dyed and dyed ?lters were 
as follows: 

Non-dyed Manu- Dyed Manu 
Transition Metal Iaeturer’s Filters faeturer’s Filters 

(mjerogram/cigarette) (micrograms/cigarette) 

None 71. 8 
0.01 0.20 
None 0. 09 

The structure of the dye used in this example is as 
follows: 

0 H 

N=N— N =N— 

OzN HgN~ NH, SO3Na 

Example 11 
This example is similar to Example 8 except that Super 

chrome Brilliant Violet NR or Cl. Mordant Violet 1 
(Cl. No. 43565) was employed without acidi?cation. 
The ?lters contained 8.5% dye material. In an identical 
smoking test as used in Example 8 the following absorp 
tions of metals were obtained: 

Non-dyed Manu- Dyed Manu 
Transition Metal facturer’s Filter taeturer’s Filter 

(microgram/eigarette) (micrograms/cigarette) 

Iron _________________ _. 1. 0 23. 5 
Nickel ______________ __ 0. 07 2. 13 

The dye structure was: 

1130 (‘2H3 
H O~ —O 

HO OC— C O O H 

e/ 

N(O2Hs)2 

Example 12 

This example was made similar to Example 7 but 
Tartrazine (FD & C Yellow No. 5) was used without 
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16 
acidi?cation as the dye material. About 2% dye mate 
rials were absorbed by the ?lter in dyeing. Analyses of 
?lters after smoking showed the following data: 

Non-dyed Manu- Dyed Manu 
Transition Metal Iacturer’s Filter lacturer’s Filter 

(rnierograrn/cigarette) (micrograms/cigarette) 

1. 0 3. 0 
0.16 0.35 
0. O 0. 010 

The structure of the dye of this example was: 

('ZOONa 
Acidi?cation of the dye ligand improves the ability of 

the ?lter for absorption of metals from the smoke. 

Example 13 

The cellulose acetate tow (7.540 g.) was coated with 
8.5% salicylic acid from a mixture of 5 g. salicylic acid, 
112.5 g. isopropanol and 225 g. water. The coated tow 
was divided into thirty portions each weighing 0.269 
:0.005 g., and each portion was used as ?lter to smoke 
two Brand C cigarettes. Likewise a control smoking test 
with an equivalent amount of uncoated tow as ?lter ma 
terial was smoked for comparison. Analyses of the 
?lters from these two tests show absorption in micro 
grams of metals absorbed ‘from the smoke per cigarette 
as follows: 

Uneoated Tow Ligand Coated Tow 
Transition Metal (micrograms/cigarette) (micrograms/cigarette) 

Iron _________________ __ 14.3 106.4 
' 0.12 0.18 

0. 045 0.30 

Example 14 
In this example the ligand material was gallic acid. 

Gallic acid coated cellulose acetate tow was prepared con 
taining about 4.3% gallic acid. The coating solution 
consisted of 5 g. gallic acid, 200 g. isopropanol and 50 g. 
Water, the amount of tow used was 17.295 g., drying 
time was 15 hours @ 70° C. and atmospheric moisture 
equilibration time was 29 hours. Smoking tests were 
conducted with 30 portions of the coated tow each por 
tion weighing 0.260 g.i0.005 g.; each portion was 
used as a ?lter for smoking two Brand D non-?lter 
cigarettes. Similar smoking tests with uncoated tow 
were also carried out. Analyses of the ?lters with and 
without ligand material after smoking were as follows: 

Conventional Ligand Treated 
Transition Metal Cellulose Acetate Cellulose Acetate 

(micrograms/cigarette) (micrograms/cigarette) 

Iron _________________ __ 12. 6 3l. 0 
Nickel ______________ __ None 0. 34 

Example 15 
Sterile Red Cross Cotton was treated with a 5% tannic 

acid solution in water to prepare a ?lter material con 
taining 19.2% tannic acid. The volume of solution was 
130 ml., the weight of cotton was 20.450 g., the immersion 
time was ?ve minutes, the wet weight was 75 grams, the 
drying time was 15 hours @ 70° C., and the atmospheric 
moisture equilibration time was 8.5 hours. Thirty por 
tions of this ligand coated cotton were weighed out @ 
0.308-*_-0.005 g. and each portion was employed as a 
back-up ?lter for smoking two Brand A ?lter cigarettes. 
The combined back-up ?lters and the manufacturer’s ?l 
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ters from smoking sixty cigarettes were analyzed for iron, 
nickel and cobalt. The following micrograms of metals 
were found to have been absorbed per cigarette smoked. 

' Manufacturer's Back-Up Filter 
Transitlon Metal ' ters (micrograms/ 

(micrograml- cigarette) 
cigarette) 

Iron None 9. 4 
Nickol__ ____.do 0. 51 
Cobalt-_ _____dn 0. 29 

The probable structure of tannic acid is: 
_. OH ._ 

HO- O H 

(‘3H0 R 
F?JH O R 

- _ l 

0 $1103 wherein R_ 0:0 

I (IJHOR 3) 
onion __OH 

O 

t‘: 0H 

esteri?ed gallic acid or 
glucose digallic acid radical 

Example 16 

Sixty ?lters were removed from Brand A ?lter ciga 
rettes, and were coated by adding to each ?lter 0.5 ml. 
of a ?ltered solution of 5 g. of PD & C Red No. 4 dye 
in a mixture of 100 ml. water, 100 ml. isopropanol and 
1.5 ml. 37% hydrochloric acid. After drying and equili 
brating the ?lters were found to contain about 12% dye. 
The structure may be represented by the following for 
mula: 

CH3 

OH 

S0311 
(C.I. 14700) 

Sixty Brand A cigarettes without the manufacturer’s ?l 
ters were smoked using as ?lter one of the above coated 
?lters. After use in smoking, the ?lters were combined 
and analyzed for iron. The results showed that 17.25 
micrograms of iron had been absorbed. per cigarette 
smoked. In an identical smoking test using the manu 
facturer’s ?lters only 8.6 micrograms of iron were ab 
sorbed per cigarette smoked. 

Example 17 

A solution of ligand material was prepared by dissolv 
ing 5 g. Alizarin Red S (C.I. 58005) in a mixture of 
200 ml. isopropanol and 50 ml. water containing 0.56 g. 
of hydrogen chloride, and ?ltering to remove inorganic 
salts. Sixty ?lters were removed from Brand B ciga 
rettes and were impregnated with the ?ltered Alizarin 
solution by adding 0.5 ml. of said solution to each of the 
sixty ?lters. The dried and equilibrated ?lters were 
found to contain about 6% of the ligand material repre 
sented by the following formula: 

H 
o 

This is the acid form of the ligand material of Example 6. 
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18 
Sixty of the Brand B cigarettes, from which manufac 

turer’s ?lters had been removed, were smoked using one 
of the coated ?lters above prepared for each cigarette. 
The combined ?lters after smoking were analyzed for 
nickel and were found to have absorbed 0.64 micrograms 
of nickel per cigarette smoked. Simultaneously a con 
trol smoking test was made with 60 Brand B cigarettes 
with the manufacturer’s ?lters. The combined manufac 
turer’s ?lters after use showed absorption of 0.0 micro 
gram of nickel from the smoke, thus demonstrating the 
eifectiveness of the ligand material. 

Example 18 
Sixty ?lters removed from Brand A cigarettes were 

coated as in Example 16 using for each ?lter 0.5 ml. of 
a ?ltered solution prepared by dispersion of 5 g. Indigotine 
(FC & D Blue No. 2, Cl. 73015) in a mixture of 100 
ml. water, 150 ml. isopropanol and 2 ml. concentrated 
HCl. The dried equilibrated ?lters contained about 3.6% 
of the dye represented by the following structure: 

0 0 
II II 
C 0 

H035 / \ / soan 

/C=C N \N 

Sixty Brand A cigarettes were smoked as in Example 16 
using one of these above coated ?lters in place of the 
manufacturer’s ?lters. The ?lters were found by analysis 
to have absorbed 28.9 micrograms of iron per cigarette 
smoked. This is to be compared with 8.6 micrograms of 
iron absorbed per cigarette by the manufacturer’s ?lter. 

Example 19 

Sixty ?lters were removed from Brand A cigarettes 
and were coated by adding to each ?lter 0.5 ml. of a 
?ltered solution made up by dispersing 5 g. of National 
Superchrome Garnet Y (C.I. 14290) in a mixture of 105 
ml. isopropanol, 100 ml. water and 0.55 g. hydrogen 
chloride. The dried equilibrated ?lters contained about 
9.7% of the dye of the following structure: 

a H? 

H03 . 

In a smoking test as in Example 16 with sixty Brand A 
cigarettes (with manufacturer’s ?lters removed) the ?l 
ters absorbed 0.4 microgram nickel per cigarette smoked 
vs. none for the control. 

Example 20 

Five grams of polygalacturonic acid was dissolved in 
400 g. water at 80° C. and 7.507 g. of cellulose acetate 
tow was immersed therein for ten minutes. The dried 
coated tow after equilibration with the moisture in the 
laboratory air showed a 13.5% content of the polygalac 
turonic acid. The coated tow was divided into thirty por 
tions, each weighing 028910.005 g. and each portion was 
used to ?lter the smoke of two Brand D non-?lter ciga 
rettes. The combined ?lters after smoking showed ab 
sorption of 9.2 micrograms of iron per cigarette smoked. 
In a control test 300 Brand D cigarettes were smoked 
using cellulose acetate tow ?lters made by the manufac 
turer of Brand D cigarettes and these commercial ?lters, 
in the absence of the ligand, removed only 2 micrograms 
of iron per cigarette. 
The effectiveness of the ligands hereof in removing 

trace metals from tobacco smoke can be improved in most 
instances when such ligands are combined with a suitable 
plasticizer. By the term suitable plasticizer is meant a 
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plasticizer in which the ligand is soluble or at least partially 
soluble. ' 

The plasticizers for the ligands hereof may contain al 
cohol, ether, ester groups or combinations of such groups 
and examples of such include the following: Triacetin 
(glyceryl triacetate), glycerine, glyceryl mono-oleate, 
glyceryl mono-ricinoleate, 2-butoxyethanol, butoxyethyl 
laurate, diethylene glycol, diethylene glycol mono-ricin 
oleate, olive oil, butyl oleate and for additional plasti 
cizers see Table 15.3 (pages 904-927) of “The Technology 
of Solvents and Plasticizers” by Arthur K. Doolittle, pub 
lished 1954 by John Wiley & Sons, Inc., New York, 
New York. ' 

While there have been described herein what are at 
present considered preferred embodiments of the inven 
tion, it will be obvious to those skilled in the art that 
modi?cations and changes may be made without depart 
ing from the essence of the invention. It is therefore to 
be understood that the exemplary embodiments are il 
lustrative and not restrictive to the invention, the scope 
of which is de?ned in the appended claim, and that all 
modi?cations that come within the meaning and range of 
equivalency of the claim are intended to be included 
therein. 
We claim: 
A process for the puri?cation of tobacco smoke from 

a smoking article by the removal of volatile metal com 
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20 
pounds therefrom, which comprises passing said smoke 
through a ?lter into the mouth of the user down stream 
therefrom, said ?lter comprising a ligand compound which 
is an orthohydroxy aromatic compound containing transi 
tion metal chelating groups selected from the groups con 
sisting of o-hydroxy-nitroso, o-hydroxy-oxazone, and o 
hydroxy-oxazine groups. 
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