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1 Claim. (Cl. 131—262) 

The present application is a division of application 
Serial No. 301,879 ?led August 13, 1963, and the present 
application has been ?led pursuant to a requirement for 
restriction made in application Serial No. 301,879, under 
the provision of 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 carbonyl, in the smoke. Strictly speak 
ing, a metal carbonyl is a compound of metal and carbon 
monoxide, but in a broader sense the term metal car 
bonyl also includes the analogous metal niitrosyl 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compounds in which one of the carbonyl groups has been 
replaced by a nitrosyl or a hydrocarbonyl group, and 
except 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 interdependent 
ly, are to provide an improved cigarette having a sub 
stantially reduced content of metal in its smoke output 
as compared to conventional plain or ?lter-tipped ciga 
rettes; to provide a process for the puri?cation of to 
bacco smoke by removing metals therefrom by convert 
ing the same to non-volatile materials; to provide an im 
proved cigarette smoke from which selected metals are 
substantially reduced or eliminated; to provide an im 
proved 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 man 
ner which effectively prevents their leaving a cigarette 
in the smoke; and to provide an improved 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 ex 
amples appended thereto. 
The invention resides in the new and useful methods 

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

GENERAL DESCRIPTION 

Conventional tobacco smoke, more particularly con 
ventional cigarette smoke, contains substantial traces of 
metals, and especially of transition metals, e.g., nickel, 
cobalt 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 
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 Path 
ology, 35, 203 (1961)). In studies with rats, small 
amounts of nickel carbonyl were found by the Drs. Sun 
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derman 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 cigarettes; 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 smoker’s pulmonary cancer. Based on 
the reported ?gures, a person who smokes a pack of cig 
arettes 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, 
apparently as carbonyls, in cigarette smoke. The cobalt 
is present in somewhat smaller amounts than the nickel, 
about 1.3 micrograms of cobalt passing the ?lters per 
pack of ?lter cigarettes; and the iron is present in at 
least 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 Danger 
ous Materials, published in 1951 by Reinhold Publishing 
Company, New York, prescribed a maximum allowable 
concentration of cobalt in the air as 0.4 part per mil 
lion, and the Twenty-Second American Conference of 
Government Hygienists in April 1960 placed the maxi 
mal atmospheric concentration of nickel carbonyl for a 
working day at 1 part per billion (A.M.A. Arch. Environ 
mental Health, 1, 140—l44, 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 con 
tain nickel in amounts similar to cigarette tobaccos, and 
similar amounts of nickel per gram of tobacco smoked 
can reach the smoker. Some pipe tobaccos contain 6 
micrograms nickel per gram of tobacca, 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 author 
ities. 
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 
invention thus can serve as a safeguard to smokers against 
excessive exposure to such metals. 
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 complexes 
or low-volatility complexes or salts by combination of 
the metal carbonyl or other metal content of the tobacco 
smoke with a ligand, which for the purposes of this in 
vention 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 complexing agent to 
form complexes of low volatility with transition metal 
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content of tobacco smoke in the presence of other con 
stituents of tobacco smoke, more particularly in the pres 
ence of moist carbon dioxide. The practice of the in 
vention does not depend on the formation of exact em 
pirical complexes since mixtures of such complexes may 5 
be formed with equal bene?t for the process. Thus the 
ligands of this invention are principally aromatic com 
pounds having one or more hydroxy (oxy) radicals at 
tached to aromatic nuclei and such hydroxy groups in 
most of these ligands are in the ortho position to certain 10 
other groups which, with said hydroxy group of said com 
pounds capable of forming relatively stable salts or com 
plexes, or chelates of certain transition 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: 

in which the position of the double bond may be shifted, 
as it is part of an aromatic ring, and in which X is se- 25 
lected from those other radicals which in combination 
with the ortho-hydroxy radical are capable of complex 
ing certain transition metal compounds and such other 
radicals include: 

30 
TABLE A 

I Markush Group of Radicals from 
which the Radical (x) in the Formu~ 
la A is selected 

Ligand Group, C0m~ 
prising both radical 
(x) and the hydroxy 
radical ortho thereto 

Azomethine [: C=N_.] 

o-Hydroxy-carbonyl. 

o-Hydroxy-carboxyl. 

40 
o-Hydroxy-amide. 
o-Hydroxy-N-mono 
substituted amides. 

o-Hydroxy-N-disub 
stituted amides. 

o-Hydroxy-azo 
methine. 

Azo [—N=N—] o-Hydroxy-azo. 

Nitroso [-N=O] o~Hydroxy-nitroso. 

7 ____ __ Oxazone C—O—(E< o-Hydroxy-oxazone. 50 

l l/ 
—C: -—C 

\ 
/ r'r 

l‘ ____ _. Oxaziue -—G=O—C o-Hydroxy-oxazine. do 

|\ / 
—C=N—-C 

\ 

/O 60 
9 ____ __ Lactone 0=C Hydroxyl-lactone. 

\——-J 
10...“ Hydroxy[-—OH] o'Hydroxy-hydroxy. 

65 

When the ligands hereof have chromophore and/or 
auxochromophore groups they are colored, for example, 
the mordant type dyes have metal complexing groups 
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 invention 
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 

4 
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 un 
mordanted mordant dyes in the presence of other ingredi 
ents of tobacco smoke. 
Thus mordant dyes in their unmetallized 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 com 

prises reducing the content of transition metal therein 
by contacting said smoke with a ligand as herein de 
scribed; 

(2) A ?lter element for reducing the transition metal 
content of tobacco smoke, said ?lter element including 
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 selected 
from the class consisting of oxygen, nitrogen and com 
binations of these atoms and said other group being se 
lected from the class consisting of carbonyl, carboxyl, 
amide including N-mono-substituted and N-di-substituted 
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. 
To remove the transition metal compounds at least in 

part from tobacco smoke the ligands hereof are interposed 
in the path of said tobacco smoke as for example by de 
positing 0.01 to 10% preferably 0.5 to 5% by weight of 
such ligand material on the ?lter or other material lo 
cated 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 plasticizcr 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, eg cotton, cellulose, 
cellulose acetate, cellulose acetate-butyrate, cellulose pro 
pionate, tobacco, and other absorbing materials having a 
high surface area per unit weight or per unit volume. 
The ligand material of the present invention may be 

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

Number 

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 
practice of this invention and which examples are to be 
taken as illustrative and not restrictive of the invention. 

(1) The o-hydroxyicarbonyl ligand: 
The ligands of this group embrace the structure, 

and include the following subgroups of ligands: 
(l) (a) The aromatic ,hydroxyl-ketoner ligands: 
This group of o-hydroxy-carbonyl ligands having the 

formula 

R1 

in which R1, R2 and R3 are radicals selected from the 
group consisting of hydrogen, C1 to C12 hydrocarbon 
radicals (including alkyl, aryl, alkaryl, aralkyl, cyclo 
alkyl, alkylcycl-oalky radicals), v:CO, —CHO, ——COOH, 
—OH, —OR, ——NO2, ——NH—CO—R, —SO2NH2, 
-SO2NHR, —SO2NRR, —SO2R, —SO3H, —CONH2, 
—CONHR, -—CONRR, —NH2, —NHR, -NRR and 
halogen radicals; and R is a C1 to C12 hydrogen radical. 

Usable as ligands of this group are compounds here 
tofore used as mordant dyes as for example those repre 
sented by Formulas i and ii hereafter and the like as 
follows: 

0) HO OH 

ll 
0 

Alizarine Yellow 0 (0.1. No. 57,000) 

HO OH 

Q-EQ 
Alizarine Yellow A (0.1. No. 57,005) 

(ii) 
H0 

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

(l)(b) The naphthaquinone ligands: 
The o-hydroxy-carbonyl ligands of this group have one 

of the formulae 

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

Usable as ligands of this group are compounds hereto 
fore employed as naphthaquinone dyes and designated 
by the (3.1. numbers: 57010, 57015, 57020, 57025 and 
57030. 

(l)(c) The anthraquinone ligands: 
This group of o-hydroxy-carbonyl ligands have the 

formula 

0 OH 
B1 II | 

- /\ 

R3></ é) We | 3 

N 
0 
H t 

R1 R1 

R2 R: 

* Including the isomer with N in starred position. 

wherein R1 and R2 are selected, from the radicals con 
sisting of —OH, ——SO3H, —NO2, ——COOH, -—NHZ and 
hydrogen. 

Usable as ligands of this group are compounds hereto 
fore employed as anthraquinone dyes and designated by 
the CI. numbers: 

58000 58260 
58005 58500 
58010 58510 
58015 58550 
58020 58600 
58050 58605 
58055 58610 
58060 58615 
58065 58620 
58200 60765 
58205 60875 
58210 60880 
58215 63015 
58220 63020 
58230 67405 
58240 67410 
58245 67425 
58250 67430 
58255 67435 
and the like. 

(1) (cl) The dnthrahydroxy-phthalein ligands: 
This group of o-hydroxy-carbonyl ligands is repre 

sented, by compounds heretofore employed as anthra 
hydroxy-phthalein dyes and designated by the Cl. num 
bers 45505 and 45510, and the like. 
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(2) The hydroxycarboxyl ligands: 
The ligands of this group embrace the structure 

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

ligands represented by the formla: 

<3 

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

(2) (lb) The substituted naphthyl - 0 - hydroxycarbonyl 
ligands represented by the formula: 

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 
5-sulfosalicylic acid 
S-aminosalicylic acid 
S-bromosalicylic acid 
2-hydroxynaphthoic 
l-hydroxy-Z-naphthoic acid 
3-hydroxy~2-naphthoic acid 
2,3-c-resotic acid 
2,4-c-resotic acid 
2,5-cresotic acid 
?-resorcylic acid 
B-methyl-?-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 
g-alacturonic acid and the like. 

(2) (c) The azo-o-hydroxycarboxyl ligands: 
The ligands of this group include the monoazo, disazo 

and trisazo compounds with the lower molecular weight 
compounds usually being prefered for such can bind a 
greater quantity of metal based on the weight of the 
compound. These compounds, if desired, may be applied 
to the ?lter material as a sodium salt, as for example: 

(3.1. Mordant Yellow 18 
(C.I. No, 13990) 

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

COOH 
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8 
(2)(c—1) The monoazo o-hydrocarboxy ligands in 

clude ligands represented by the formulae: 

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

Usuable as ligands of this group are compounds here 
tofore used as dyes and designated by the Cl. Nos: 

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

(2) (0-2) The disazo-o-hydroxy-carboxyl ligands: 
The ligands of this group are similar in structure to 

the monoazo compounds set forth under (2) (c—1) here 
tofore except such are disazo compounds having two azo 
groups and ‘because of their higher molecular weight are 
less preferred. 

(2)(c-3) The trisazo and polyazo-o-hydroxy-carboxyl - 
ligands: 
The ligands of this group are similar in structure to 

the monoazo compounds set forth under (2)(c—1) here 
tofore 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 ligands: 
Ligands of this group include the triphenylmethane 

o-hydroxy-carboxyl ligands such as the compounds here 
tofore used as dyes designated by the Cl. numbers: 

43550 43820 
43552 43840 
43555 43845 
43560 43860 
43565 43865 
43570 43866 
43810 43870 
43815 44100 

The compounds heretofore used in the phthalein dyes 
designated by Q1. numbers 45445, 45450 and 45455 may 
also be employed as ligands in the present invention. 
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(3) The a-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 
C13 hydrocarbon radicals. 

(4) The o-hydroxy-azomethine ligands.‘ 
This group 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 

OH 

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

(5) The 07hydr0xy-az0 ligands: 
The -o-hydroxy-azo ligand can embrace the structure 

\C——OH 
/ 

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

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

0 H 
R1 R1 

R2 R2 

OH 

and similar disazo compounds in which R1 and R2 are 
radicals selected from the radicals set forth under 1(a), 
e.g. -—CH3, —-NO3, -—Cl, —SO3H, ——COOH, —NH2, 
-—CONH2 or hydrogen radical etc. 

(5) (b) The 0,0-dil1ydroxy-az0 ligands.‘ 
These ligands embrace the structure 

and include compounds heretofore employed as mono 
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azo, disazo and polyazo dyes. They have the stluctural 
formulae: 

OH HO 
R1— _R1 

Ra__ _Rs 

(‘H1 H0 

R2— __R2 

Ra_ __Ra 

OH H? 
Rl_ -N=N—~ _Rl 

R2- -_R2 

R;__ _Rs 

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 15955 
11970 16055 
143015 16060 
14640 16070 
14641 16705 
14740 17105 
14765 18090 
14850 18160 
14855 18180 
14860 18750 
14875 18760 
15670 18845 
15675 18870 
15680 18880 
15685 18885 
15690 19050 
15695 19240 
15705 19345 
15710 19600 

Among the above examples of ligands are also included 
dihydroXy-azo ligands which have a nitrogen containing 
ring, e.g., a pyrazole ring or a quinoline ring such as the 
following: 

31 
OH 

R1 Ho—(|f*1II-< i N=N—o N R1 
\ % 

R2 (I; 
CIE[a(—COOH, -CO0R and —CONH1) 

R! 

I H°?°*i@ 
_ N= - N R2 

R1 \ 

RL ‘'3 
0113000011, ~COOR and -—CONH2) 

._..Rl 
OH 

R‘ ' Ores ‘R2 

R2 
I 
cud-00011, ~COOR and —CONH2) 

H 

Rr (1) HO? —Rl _ — _R2 > N_N N/ 
32 

and the like‘ 
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(6) The o-hydroxy-nitroso ligands: 
Ligands having the o-hydroxy-nitroso group embraced 

by the following structure 

\C—OH 

[Illa] 
include compounds such as: 

and 

1-nitroso~2-naphthol-6-sulfonic acid 
1-nitroso-2-naphthol-4-sulfonic acid 
1-nitroso-2-naphthol 
Z-nitroso-l-naphthol 
chromotropic acid dioxime 
nitrosochromotropic acid 
2,4-dinitroso-3,S-dihydroxy-toluene 
2,4-dinitroso-1,3-dihydroxy-benzene 
o-nitrosocresol 
2-nitroso-1-naphthol-4-sulfonic acid 
4-nitrosoresorcinol 
nitroso-R-salt 
p-nitroso-thymol 

(7) The o-hydroxy-oxazone 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 ortho-hydroxy-oxazine group 

and its leuco form 

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 lactone 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 incorporated 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 con 
tent thereof. 
By the term “unmordanted” is meant the mordant dye 

stu?’ is essentially free of metal ions which mordant or 
insolubilize the dyestuff, e.g., is essentially free of alumi 
num, iron, manganese, chromium, nickel, cobalt, copper, 
zinc, calcium, lead and other metals including the transi 
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12 
tion metals of sub-groups IV, V and VI of the periodic 
table. For purposes hereof the mordant dyestull is some 
times 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 hydroxy 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-trihydroxy-benzene, the 
1,2,4 - trihydroxy - benzene, the tetrahydroxy - benzenes, 
hexahydroxy-benzene, similar compounds of the naph 
thalene series gallic acid, m-digallic acid, the tannic 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 

S 0311 

pyrocatechol violet 

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 
solution were adjusted for ligand solubility considera 
tions. Where the ligand was a dyestulf 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 con 
vert the commercial sodium 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 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 ?ltering the smoke of one Brand 
A cigarette from which the manufacturer’s ?lters had 
been removed. 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: 

Micrograms 
Brand A: per cigarette 

Iron __________________________ __ 353 to 1150 

Nickel ________________________ __ 1.06 to 10.0 

Cobalt _________________________ __ 0.7 to 1.8 
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Brand B: 
Iron __________________________ __ 288 to 352 

Nickel ________________________ __ 0.4 to 6.2 

Cobalt ________________________ -_ 0.75 to 0.9 

Brand C: 
Iron __________________________ __ 440 to 600 

Nickel ________________________ __ 2.8 to 3.4 

Cobalt ________________________ __ 0.8 to 1.9 

Brand D: 
Iron ____________- ______________ __ 310 to 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 cig 
arettes 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-di'benzene-azoresorcinol, with 
a mixture of 60 g. benzene and 15 g. isopropanol. Cel 
lulose acetate tow (5.024 g.) was immersed in the re 
sultant 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 at 
mospheric moisture until a constant weight was reached 
and the coated tow contained 10% of the red com 
pound. The tow was divided into 20 portions weighing 
0.280$0.005 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 co 
balt absorbed percigarette smoked were as follows for 
the manufacturer’s ?lter and the back-up ?lter: 

Transition Metal, lllanul‘acturer’s Filter Back-Up Filter 
Iron (MiorograIns/oigarette) (lllicrograms/cigarette) 

Iron _________________ __ 15. 0 36. 7 
Cobalt ______________ __ None 0. 02 

Example 2 

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

Hoe-i0 

Example 3 

Five grams of C.I. Mordant Yellow 30 (C.I. 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 sam 
ple contained 2.5% of the dye ligand material. Sixty 
Brand A ?lter cigarettes were smoked in pairs as in Ex 
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14 
ample B using a 0.258$0.005 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 microgram of 
iron, nickel and cobalt absorbed respectively by the 
manufacturer’s ?lter per cigarette smoked. The struc 
ture of the dye ligand material of this example is: 

HO 0 o o 0 on 

1 HO GEN-02S —N=N—O N 
. \ ¢ 

0 
on, 

Example 4 
Example 2 was repeated using the dye C.I. Mordant 

Blue 1 (C.I. 43830) with 8.3 grams of tow. The wet 
material 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. ($0.005 g.) portion of the dyed 
tow as back-up ?lter for each pair of cigarettes. Analysis 
of thirty used back-up ?lters showed absorption of 0.76 
microgram of nickel per cigarette smoked vs. 0.17 micro; 
gram nickel absorbed per cigarette for the manufacturer’s 
?lters. 
The structure of this dye ligand materialis: 

COOH 

OH 
or / 

O 
\\ CH3 Cl 

=0 

COOH 

ExampleS 
Example 4 was repeated but omitting the acid treat 

ment, thus allowing the C.I. Mordant Blue 1 ligand dye 
to remain as the sodium salt of the structure shown in 
Example 4 (the treated tow absorbed 4% dry). Smok 
ing 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 cobalt 
per cigarette smoked in comparison with 3.2, 0.17 and 
0.18 microgram of iron, cobalt and nickel per cigarette 
respectively absorbed by the manufacturer’s ?lter during 
smoking. 

Example 6 

The dye C.I. Mordant Red 3 (C.I. 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 rest 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 micro 
gram cobalt per cigarette smoked vs. 3.2, 0.17, and 0.18 
microgram iron, nickel and cobalt respectively per cig 
arette for the smoked manufacturer’s ?lter. The struc 
ture of this dye is as follows: 

0 
ll OH 

OH 

803N8 

l 
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 (C.I. 19140) contents. Smoking was 
conducted with sixty Brand A ?lter cigarettes as in Exam 
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pie 2, but using the presently prepared ligand-coated cellu 
lose acetate as back-up ?lter. Analysis of the ?lter ma 
terial after use showed absorption of 64.5 micrograms of 
iron per cigarette smoked in comparison with 0.75 micro 
gram absorbed by the manufacturer’s ?lter per cigarette 
smoked. The structure of this ligand dye is as follows: 

I 
00011 

Example 8 

RD. & 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: 

H? 

SOQH 

The ?nal dried and equilibrated tow showed about 
1.3% dye had been adsorbed. 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 Manuiao- Dyed Manufacturer’s 
Transition Metal turer’s Filters F‘ ters 

(Microgram/cigarette) (Microgram/cigarette) 

Iron _________________ __ 1.0 3. 7 
Nickel ______________ __ O. 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 
showed the following metal absorptions in comparison 
with the controls: 

N on-dyed Manufac 
turor’s Filters 

(Microgram/cigarette) 

Dyed Manufacturer’s 
Transition Metal Filters 

(Microgram/cigarette) 

The structure of this ligand dye is as follows: 

NaOOC (OH) H0 

H0 —-N=N N=N— 

Naoas 

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 actate 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 

16 
the smoke using the non-dyed and dyed ?lters were as 
follows: 

Non-dyed Manufac 
turer's Filters 

(Micrograni/cigarette) 

Dyed Manufacturer’s 
Filters 5 Transition Metal 

(Micrograin/cigarette) 

None 71.8 
0.01 0. 20 
None 0.09 

10 . . . 

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

OH 

—N= —-N=N 15 C> 
OzN 

HzN NHz SO3Na 

Example 11 

20 This example is similar to Example 8 except that 
Superchrome Brilliant Violet NR 0r C.I. 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 

25 tions of metals were obtained: 

Non'dyed Manufae- Dyed Manufacturer's 
Transition Metal turer’s Filters F‘ ters 

(Micrograin/eigarette) (Microgram/cigarette) 

1. 0 23. 5 
O. 07 2.13 

The dye structure was: 

H C CH 
35 3 I ’ 

HO —O 

HO O C C/ C O 0 H 

40 

N(C2H5)7 
45 Example 12 

This example was made similarly to Example 7 but 
Tartrazine (RD. & C. Yellow No. 5) was used without 
acidi?cation as the dye material. About 2% dye ma 
terial. About 2% dye materials were absorbed by the 
?lter in dying. Analyses of ?lters after smoking showed 
the following data: 

50 

Non-dyed Manufac 
turer’s Filters 

(Microgram/cigarette) 
Dyed Manufacturer's 

Transition Metal Filters 
(Microgram/cigarette) 

COONa 

Acidi?cation of the dye ligand improves the ability 
of the ?lter for absorption of metals from the smoke. 

70 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 

75 was divided into thirty portions each weighing 0.269: 
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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 
fro-m these two tests show absorption in micrograms of 
metals absorbed from the smoke per cigarette as follows: 

Transition Metal Uncoated Tow Ligand Coated Tow 
(Micrograms/cigarette) (Micrograms/cigarette) 

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 
containing about 4.3% gallic acid. The coating solution 
consisted of 5 g. gallic acid, 200‘ g‘ iso'propanol and 50 g. 
water, the amount of tow used was 17.295 g., drying 
time was 15 hours at 70° C. and atmospheric moisture 
equilibration time was 29‘ hours. Smoking tests were 
conducted with 30 portions of the coated tow each portion 
weighing 0.260 g. i 0.005 g; each portion was used as a 
?lter for smoking two Brand D non-?lter cigarettes. 
Similar smoking tests with uncoated tow were also car 
ried out. Analyses of the ?lters with and without ligand 
material after smoking were as follows: 

Conventional Ligand Treated 
Transition Metal Cellulose Acetate Cellulose Acetate 

(Micrograrns/ (Micrograms/ 
cigarette) cigarette) 

12. 6 31. 0 
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 at 70° C., and the atmospheric 
moisture equilibration time was 8.5 hours. Thirty por 
tions of this ligand coated cotton were weighed out at 
0.308 1 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 
ters from smoking sixty cigarettes were analyzed vfor iron, 
nickel and cobalt. The following micrograms of metals 
were found to have been absorbed per cigarette smoked. 

Transition Metal Manufacturer's Filters Back-up Filter 
(Micrograms/cigarette) (Micrograms/eigarette) 

9. 4 
0.51 
0. 29 

CHzOR 

ester-i?ed glucose 
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wherein 

OH 

if 
011 

gallic acid or 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 equi 
librating the ?lters were found to contain about 12% 
dye. The structure may be represented by the follow 
ing formula: 

sloarr on 

| (0.1. 14700) 
CH3 

80,11 

Sixty Brand A cigarettes without the manufacturer’s ?lters 
were smoked using as ?lter one of the above coated 
?lters. After use in smoking, the ?lters were combined 
and analyzed from iron. The results showed that 17.25 
micrograms of iron had been adsorbed 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 dis 
solving 5 g. Alizarin Red S (CI. 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 m1. 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: 

0 
ll OH 

OH 

\jsosn 
II 
o 

This is the acid form of the ligand material of Example 
6. 

Sixty of the Brand B cigarettes, from which manu 
f-acturer’s ?lters had been removed, were smoked using 
one of the coated ?lters above prepared for each ciga 
rettes. The combined ?lters after smoking were analyzed 
for nickel and were found to have absorbed 01.64 micro 
gram of nickel per cigarette smoked. Simultaneously 
‘a control smoking test was made with 60‘ Brand B ciga 
rettes with the manufacturer’s ?lters. The combined 
m-anu'facturer’s ?lters after use showed absorption of 0.0 
microgram of nickel from the smoke, thus demonstrating 
the effectiveness of the ligand material. 
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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. In 
digotine F.C. & D. Blue No. 2, CI. 73015) in a mixture 
of 100 ml. water, 150 ml. isopropanol and 2 ml. con 
centrated HCl. The dried equilibrated ?lters contained 
about 3.6% of the dye represented by ‘the following struc 
ture: 

O 

\ S0311 

|| 
0 

Hogs / \ / 
o=o 

N/ \N/ 
H 11 

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: 

HO 

In a smoking test as in Example 16 with sixty Brand A 
cigarettes (with manufacturer’s ?lter removed) the ?lters 
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 
portions, each weighing 0.2891-(1005 g. ‘and each por 
tion was used to ?lter the smoke of two Brand D non 
?lter cigarettes. The combined ?lters after smoking 
showed absorption of 9.2 micrograms of iron per ciga~ 
rette smoked. In a control test 300 Brand D cigarettes 
were smoked using cellulose acetate tow ?lters made by 
the manufacturer of Brand D cigarettes and these com 
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mercial ?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 plasticizer in which the ligand is soluble or at 
least partially soluble. . 
The plasticizers for the ligands hereof may contain 

alcohol, ether, ester groups or combinations of such groups 
and examples of such include the following: Triacetin 
(glyceryl triace-tate), gilycerine, glyceryl mono-oleate, 
glyceryl mono-ricinoleate, 2-butoxyethanol, butoxyethyl 
la-urate, diethylene glycol, diethylene glycol mono-ricin 
oleate, olive oil, butyl oleate and for additional plasticizers 
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 de 
parting from the essence of the invention. It is there 
fore to be understood that the exemplary embodiments 
are illustrative and not restrictive to the invention, the 
scope of which is de?ned in the appended claims, and that 
all modi?cations that come within the meaning and range 
of equivalency of the claim are intended to included 
therein. 
We claim: 
A process for the puri?cation of tobacco smoke from 

a smoking article by the removal of volatile metal com 
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 which are o-‘hydroxy-azo 
groups. 
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