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INFRARED AND ~IUCLEAR MAGNETIC RESONANCE
ANALYSIS OF ORGANOTIN TOXICANTS FOR

MARINE ANTIFOULING COATINGS 
~~~~~~~~ 
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James F. Hoffman , Keith C. Kappel , I

Lydia M. Frenzel and Mary L. Good
University of New Orleans

Infrared and nuclear magnetic resonance spectroscopies
have been employed to elucidate the chemical and struc-
tural properties of triorganotin compounds incorporated
into marine antifoulant coating formulations. It is
necessary to determine the molecular species of the
toxicant in order to be able to predict the mechanism
of toxicant release and to design new , more effective
coatings. In two conventional vinyl antifoulant coat-
ings , the toxicant was found to react with one ccmpo—
nent in the coating formulation to yield different
triorganotin comDounds. A change in the Vasyul(SnC)
vibration was found to correlate with a change in the
coordination geometry of tin . These results indicate
that infrared spectroscopy is a powerful technique
that can provide insights into the chemical processes
occurring in the antifouling coatings.

I. INTRCDUCTION

The problem of marine “fouling ’ of ship hulls and marine
installations is well known and has been attacked by many re-
search and development groups. Even the popular press and
general technology periodicals have recently highlighted the
problem in their publications (1 ,2,3). The present national
difficulties associated with energy shortages make this D D Cfouling problemn even more crucial. For examp le , ‘the drag
caused by only a six-month accumulation of marine foulants fl
can force a vessel ~~

- burn 40 percent more fuel just to main- Utam normal cruising speed ’ (1). Thus any attempt at fuel .Uft 5
economy in the shi pp ing i ndus t ry  and in the Na’rj must place
the development of effectiie antifoulant procedures as a high
priority item. The only practical solution through the years
has been the utilization of paints and coatings having anti-
foulant activity. Most of the coatings which have beer.
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developed are paint formulations containing a toxicant compo-
nent. The most widely used toxicant has been cuprous oxide
although various compounds of arsenic , mercury , lead and tin
have been used. The cuprous oxide coatings are good fouling
inhibitors but they have rather short effective life-times.
The arsenic , mercury and lead coatings have severe to>dcolo—
gical problems and have been either restricted in use or com-
pletely removed from the commercial market. The tin contain-
ing coatings have been investigated by a number of groups ,
particularly by researchers at the Naval Ship Research and
Development Center at Annapolis, Maryland. Studies have
shown that tin antifoulants possess several advantages over
conventional copper antifoulants (4,5). For example, they
provide superior antifouling over a longer period of time .
When anpiled on conductive substrates , they do nc~t promo te
corrosion as do copper based coatings . They exhibit control
over several types of algae and barnacles when properly formu-
lated. It has been proposed that the organotin compounds
degrade to non-toxic , non-cummulative inorganic form s of tin ,
but there is no experimental evidence to surport this propo-
sition (6,7,8). Thus, the most promising antifoulant coatings
which have been desigred and characterized are those contain-
ing organotin toxicants.

Although the formulation of new coatings containing
orgar.otin rcieties has been an area of active research , the
determination of the chemica l form of the toxicant in the
bulk and on the surface of the coatings , and the elucidation
of the surface release mechanism have received less atten-
tion . Thus, this initial report on our studies of thos~
coating sys tc~ms will review our efforts to devise procedur’~s
and back ground data which will allow the nature of the or an-
ot in  toxican ts to be de termined by in f r a red  and proton ~~~
spectroscopies. It is anticipated that these studies and
other related work will eventuall y provide the tools for the
identifi cation of the chemical ccmposition of the tin tcxi-
cants as a function of the coating matrix , the curinc process,
actual aging in normal use, and coating efficiency . nforma-
tion of this type is essential for the design of new , ~ccre
e f f e c t ive  coatings s:~d for  the eva lua tion  of the  long term
envircnmental imP act of the wid.~spread use of these t o x i c
material.

The nest  effective and widely used organotir. s n at in g
addi t ive~ are the  tricrgonotin ccnpcurds  (P.3Sr.X ~her e
R = alk y l or pheny l and X = F , Cl, Br , I, OH , O C ’ R ,  eSnR j ,
SnR 3 or acry late). The tributyltin compounds have been used
mos t ex tensivel y to date. These materials exhibit a much
higher leve l of toxicity to marine foulants than they do t~
mammals.  The shorter  chained alky ls e x h i b i t  a h igh  t ox i c i t y
to mammals and a low toxicity to mar ine  l i f e  (9) . Thus this
ini tial stud y is devoted to the evaluation of coatings con—
tainir.g trialkyltin species wi th special emp hasis on the ______
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tributy l ser ies . Th~o cene ral classes of coa tings are bei ng
inves t iga ted:  ( 1) convent io r .a l  for mu l a t io n s  c o n s i s t i n g  of an
organotin compound , usual ly e i t h e r  b i s ( t r i - n - b u t yl t i n)  ox ide
(TBTO ) or tri—n-bu tyltin fluoride (TBTF), thorough ly mixed
with the rest of the coating components; and (2) newly deve-
loped coating sys tems consis ting of R3SnX moieties (where X is
vinyl, acrylate , or maleate) polymerized or ccpolymerized
through the unsaturated X groups. The conventional coatings
presumably have free toxicant not bound to the coating matrix
while in the polymer materials the toxicant species is cova-
lently bonded to the matrix. Neat organotin materials hove
been examined to provide baseline spectra and spectral assign-
ments of functional groups. Correlation techni’~ues have been
used to assign the SnC 3, Sn—X , Sn—0 and COO vibrational mcdes
in the infrared spectra. These assignments have then been
used for the identification of functional groups and chemica .
entities in the coating formulations .

II. EXPERIMENTAL

Transmissio n infrared spectra for li quid samples were ob-
tained as thin film s between KBr and polyethy lene di s~es in the
region 4000-200 cm 1

~. The spectra of solid sanoles were
obtained as K3r pellets. The spec tra were recorded on a
Perkin—Elmer Infrared Spectrophotcmeter Model 283 eeu i~~ ed
w ith a pr in ter ~ccessorj, wh i ch provides a digital readout of
peak posi tio ns and r e l a t i v e  i n t ens i t i e s  of the  pe~~cs .  Peak
positions are accurate to +3 cm 1 in the region 4 00—2000
cm~~ , and to +1.5 cm~~ in the region 2000—200 cm~~~. Proton
nuclear ma~ n~~tic resonance (~ U nmr) spectra were recorded on
a Hitach i Per~~ n-~~imer R-20B spectrcmeter operating at a fre—

~uency of ~0.0 ~~ z.  The organotin and polymer s.ancles were
dissolved in C~ Cl 3, ODd 3, and Cd 4 to g ive a l0~ (w/v) solu-
t:~~n with a few drcos of tetramethy l s i l a n e  (TMS ) added as e~i
i n t e r n a l  r e f cr e n n ’~.

Organo tin c nnroun ds were cb tained f rcm M~T Chem ic als ,
rc. arid were used without further p~ rifi cation . Purity was

checked by chenical analysis and by H r.mr. The conventional
coaei r.es, which contained (Bu3Sn)20 arid Bu 3SnF we re dona ted by
~ idden— Dur~~”~, :t in’Lirl P i nt and Varnish Co m r a n v  of ~ew

~r Leans , and  by th~ U. S. Na’i’1. All coatings investicated
were vinyl based formulatinns. The Gl id d e r.-~l’.~rkee coating
cnnt~~:ns (P~~; .T r )

2
0 as the t n ~~~~~int . The coatine frcrs the

Standard Pu nt ar.d ‘/arnisn ~~rripany (Alum-A-T ax) contains
Bu.~SnF. The ~av-; formula ticri , 1020A , cont~ ins b o th  (?U ~~~n ) , ~
an~ ~ ~~

• 
~~~~~~~~~ rmuL ati~~r.s w’~re a.so obtiined

which ~~~ ret :-‘~~~t 3~~~n the t~ x~ :3rt.~. Experinental organot:n
onritl ining p e y ~ers (OMP ’s) wer•~ dor .stei by Dr. £ . Pis:h’~r o~
the Dav’d Taytcr Naval Sh~~ P .~.ie ~rch and De.’elorrerit Center
(DT~ISRcc). The cornposit~ cr~; of these polymers are ~s follows :



CtiP-1 is poly (.tri-n-butyltin methacrylate/tri-n-propyltin
methacrylate/methyl methacrylate); OMP-2 is poly (tri—n—
bu tyltin methacrylate/methyl me thacry late); OMP-4 is the tn-
n—butyltin ester of poly(rnethylvinylether/maleic acid) . The
formulas for these materials are shown diagramatically below .

CH CH CH CH3

-{CH2--- 

?
1
_[CH2--

~
]
~~

_ 
and _{cH2 

(
~~~-{CH2— cj]~

i-_

O-C}13 O-SnBu3 O—CH 3 O-SnPr3

OMP 1

CH3 CH3 OCH 3

—{CH2—C]~-fCH2— C]T— —fCH~--- CH —CH 
—

C=0 C=0 C=O C 0

I I I I
0—CH 3 0—SnBu 3 Bu3Sn—0 0-SnBu 3

OMP 2 OMP 4

III. RESULTS AND DISCUSSION

Assignments of the infrared vibrations of the triorgaruo-
tin comoounds were made by the correlation method , since these
are comd ex molecules and few spectral assignments of compara-
ble compounds are available in the literature (10,11). The
Sn-X , Sri-0 , and SnC3 vibrations are of particular interest be-
cause these functional groups are the most likely ones to be
affec ted by the leaching of the toxicant from the coating
matrix. All of these vibrations occur below 1100 cm 1. Other
vibrations of importance to this study are 

~OH’ 
which occurs

around 3600 cnr1, and the asymmetric and symmetric stretching
frequencies, ‘

~asvm(cOC ) and V sym( COO)~ of the ca rh cxv] .a te
group. These vibrations are located between 1650 and 1300
cm~~~. Assignments  of the v ib ra t iona l  modes of i n t e res t  are
presented in Table I.

Tniorgariotin compounds (R3SnX) exhibit either a tetra-
hedral or a trigonal bipyramidal geometry depending on the
nature of the X group . When X is capable of acting as a
bridging ligand (e.g. F, OH , OCOCH3), the organo tin compound
exhibits a trigonal bipyramidal geometry with the X group
bridged between planar SnR 3 moieties. With other X groups, 

______
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the tin atom is four coordinate with a distorted tetrahedral
geometry . Due to the complexity of these tn i o r g an o t i n  mole-
cules , a composite set of vibrations (asymmetric and symmetric
stretching frequencies) will be observed for the SnC3 part of
the molecule rather than a single Sn—C vibration. For trigcn-
al bipyramidal molecules with D3h site symmetry only the
Vasym (SnC2) is infrared active . For the molecules with C3v
site symmetry (distorted tetrahedron) the “asym (SnC) and
‘
~svrn (SnC) 

are both infrared active . Experimentally, two
vibrations are observed for~ all of the trialkyltin compounds
in the SnC3 region. The infrared inactive \)~ (SnC ) mode is
a weak band in the infrared for the five coor~Tnate comp lexe s
which indicates that the site symmetry of the tin compounds is
lower than D3h. The Vasym (Sflc) is sensitive to changes in
coordination number as is shown in Table II. Five coordinate

TABLE II.

vs. Coordination Number of Tinasytn (SnC)

Compound ~ -l Coordination Number(cm )

(Bu 3Sn ) 2  584 4
Bu3SnCl 596 4
Eu 3SnBr 596 4
Bu3SnI 593 4
(Bu 3Sn) 2 0 591 4
Pr3 SnC1 593 4
(Pr3 Sn) 20 586 4
Bu 3Sn methacrylate 595 4
Bu 3SnF 612 5
Bu 3SnOAc 610 5
Bu 3Sn acry late 607 5

tr io rgano t in  compounds exhibi t  the iJ asyrn ( SnC ) between 603-612
cm 1; whereas , the U asym( SOC ) occurs between 584—597 cm 1 fo r
the four coordinate complexes . The asymmetric SnC3 stretching
f requency is observed in the. organot in  conta in ing  polymers
(OM.P’s), and occurs between 587—592 cm~~- . This imp lies tha t
the tin moiety is four coordinate in these formulations. For
the conventional coatings investigated in this study, the

~ asym (Sn C) is unobservable because of v ib ra t ions  which occur
in this region of the spectrum from other pa in t  components .

The Sn—O—Sn asymmetric v ibra t ion , “a sy m ( S n O S n) ’  has been
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assigned to an in tense  band between 770—775 crn 1 f o r  mol ecules
of the tyre (R 35n)2

0 (see Table I). In the com m ercially
available coating rormula~ ions which contain bis(tri-n--
butyltin) oxide (TBTO) as the toxicant (i.e. Glidden-Durkee
and Navy 1020A) , the “asym(SnOSn) is not observed , even though
the concentrat ion of toxicant is high enough to be eas i l y ob-
served by infrared analysis. In the Navy lO2OA formulation ,
which also contains tri-n-butyltin fluoride (TBTF) as toxi-
cant , the Sn—F vibration is observed . The toxicant is pre-
sumably unchanged upon addition to the coating formulation .
In the two coatings which employ TBTO as the toxicant , a band
is observed at 1634 csr~1 in the spectrum of the Gl idden-Durkee
fo rmula t ion , and at 1643 cm 1 in the spectrum of the Navy
1020A formulation . These bands were not observed in e i the r
TBTO , TBTF , or the paint  formula t ions  wi thout  t o x i c ant .  The
absence of ‘ as~

.
~~~Sn OSn) and the presence of the band around

1640 cm 4 implies tha t  the toxicant (TBTO) undergoes a
reaction upon mixing with one of the components of the paint.
The peak around 1640 ctn 1 can be assigned with considerable
certainty to the formulation of a tributyltin carboxylate in
both cf these coatings.

Upon addition of TBTO to both the Navy lO2OA and Glidden—
Durkee formulations without toxicant , an infrared spectrum
identical to the spectrum of the formulation with toxicant was
observed. (see Figure lB and lD , and Figure 2~ and 2C). No
Vasym (SnOsn) was observed in these spectra which again indi-
cates that TBTO has undergone a reaction. For the Navy . l220A
formulation without toxicant, the addition of tributy ltin ace-
tate (TBTA ) to this coa ting yields a material which has an
identical spectrum to that  in Figure  19. When TBTF is added
to the formulation without toxicant , no reaction is observed
(see Figure IC).

it has been reported that bis (triethvltin) oxide reacts
with carboxylic acids and esters (12). The TBTO in Navy lO2OA
was found to react with butyl acetate , one of the componen ts
of the solvent , according to the following reaction :

Q
(Bu 3 Sn) 2 0 + 2CH 3— C— 0— CH 3 > 2C H 3—C- 0—Sn Bu 3 + (C 4 H9 ) 2 0

T r i b u t y l t i n  acetate precipi ta tes  from the reaction mixture
upon cool ing.

The V as~ m (COO) v ib ra t ion  in TETA in the solid state
occurs at 15i2  cm l , but when dissolved in an ine r t  so lven t
such as chloro fc rm , the band is s h i f t e d  to 1640 cm 1. This
f i n d i n g  is in complete  agreement  w i t h  cur  ass ignment  of the
1640 cm~~ band of the TBTO react ion  prcduct  to the format ion
of TBTA in the coating matrix.

The Glidden-Durkee coating uses meth yl iscbutyl ketcne
and xv l en e s  as a so lven t  system , and TETO does not react  wi th
eI. ther compo n en t .  However , th is  formu l a t i c n  also c o n t a i n s
r o s i n , a n a tur a l  croduct which is pr imar i ly  abietic acid,
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Figure 1. I n f r a r e d  spectra of Navy 1020A coat ings  and
t r iorganot ir i  t ox i can t s . (A)  w i thou t  tox icant , (B)  w i t h  toxi-
cant , (C) w i t h o u t  toxicant p lus  added TBTF , ( D )  w i thou t  toxi—
cant plus added TBTO, (E) without toxicant plus added TBTA ,
(F) neat TBTF, (C) neat TBTO.
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Figure 2. Infrared sp4ctra of Clidden— Dur~ee coatings.
(A) without toxicant , (9) with tox~ cant , (C) without toxicant
plus added TBTA , (D )  w i thou t  t o x i c a n t  nl~~ added TBTO .
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C 19 H 79 C00F1 . B i s ( t r i b u t y lt i n )  oxide does reac t  w i t h  the ros in
to yield the trihutvltin ester of abietic acid , according to
the f o l l o w i n g  react ion  (13) :

0
(Bu 3Sn)20 + 2C 19H29C00H > 2C19H29—C-O—SnBu 3 + H20

The inf rared spectrum of the reaction mixture exhibits a band
at 1637 cf ’ in the spectrum of the Gl idden—Durkee  coat ing
w it h  t ox ican t .  The products of the above reaction were not
isolated .

The Alum-A-Tox coat ing system contains TBTF as the toxi-
cant .  It appears tha t  no reaction occurs between the toxicant
and the p a i n t  f o rm ulat i o n , but a conclusive investiga tion by
infrared is not possible due to bands of the paint formulation
which overlap the vibrations of interest. Tributyltin
fluori de did not react with the Navy 1020A so it appears
l ikely that it will not react with the Alum—A—Tox .

The information obtained and conclusions reached on the
reactions of the toxicants  in the an t i foulan t  fo rmula t ions  is
in agreement wi th  the observations obtained by Mossbauer
spectroscoDv , which are presented in the fol lowing paper.

Fl. CONCLUSIONS

From this investiga tion , it is apparent that the toxicant
in the coating must be identified in order to accurately pre-
dict  the  l i f e t i m e , e f f ec t iveness  and env i ronm en ta l  impact  of
a n t i fou l i n g  coa t ings .  B i s ( t r ib u t y l t i c )  oxide which was added
as the t ox i c a n t  in . two of the conventional formulations, was
found to react with one component of the paint formulation tc
yiel d a tribt~ty 1tin carboxvlate. Infrared and nuclear mag-
netic resonance spectroscocies were found to be excellent
tools for the i~ entificat~ or, c~ the organotin species and for
the inves tigation of molecular rearrangements .

Future work will be directed to the identification of
changes in the toxican t d u r i n g  and a f t e r  exposure of the coat-
ing to aoueous ar.~ saline environments. Efforts will also be
expended to determine the chemical form of the organotin
species leached from the coatings into the environment.
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