Polymer Bulletin 42, 655-660 (1999) Polymer Bulletin

O Springer-Verlag 1999

Synthesis of Congo Red linked with alkyl amide polymer
and its optical ion-sensing property

Taek Seung Leg Changduk Yang
Department of Textile Engineering, Chungnam National University, Taejon 305-764, Korea

Received: 13 April 1999/Revised version: 7 May 1999/Accepted: 11 May 1999

Summary

The synthesis and metal ion pessive propdires of Congo Red-based
polyamide are morted. The polymer was prepared by simple interfacial
polymerization betweernCongo Red and sebacoyl chloride. The polymer showed
decrease in elemnic absorption when exposed tmetal ions. The albsbance
tends to decrease linearly in a measurable rangeording to metal ion
conceéntration. It is found that the polymer showed high isehs toward C&
and F€'.

Introduction

Dyes have been widely used as indicators in analytical technique due to
potential availability of dye indication reaction and dyeholed reaction for
analytical measuremenfl). lon-glective tiromogenic dyes have been used for
colorimetric determination of most commonfpund metal ions. These dyes can
be used as selective and sensitiphotanetric reagents and can be used in
fabrication of chemical sensors @robes lkcause these dyes brindgpoait changes
in specific color or optical absption when they interact with ioi§2-5).

A ot of interest in chemical sensors consisting of immobilized dyaspled
to a spectrometerhtough fiber opics to determine the concentration of alkali
and alkaline earth metal$6-8). Upto now, to our knowledge there has been
few reports focused on polymer-basedticgd chemical sensorgnot fluorescent
chemosensors (9,10)) for ions. Compared to Ilow lemdar weight dyes,
polymers can be easily fabricated into transparent films with only a low
tendency to recrystallize. Flexible chains or large substituents can hluiced
to the polymers to achieve reasonable solubility and therpnapeties from a
technical point of view11).

We, therefore, designed a palyide consisting of indicator dyéCongo Red)
and flexible main chain (aliphatitiydrocarbon from sebacoyl chloride) to tain
a suitable propeties such as solubility angbrocessability. lon-responsive dpcal
propeties of the polymer were investigatagbon exposure to varioumetal ions
in detail.

Experimental
Polymer synthesis

The polymer synthesis is shown in Scheme. The polymerization was carried
out via low temperature interfacial potywdenation under vigorous stirring.
Congo Red (Acros) was used without further poaifion Thin layer
chromatography (TLC) of Congo Red showed a single spot (developing agent :
water/ethanol) (12). Into a 100ml flask 1.0g (1.44mmol) of Congo Red, 0.24ml
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Scheme Synthesis of the polymer

(3.0mmol) of pyridine, and 50ml| ater were added. After complete dissolution
of the monomer 0.30ml (1.44mmol) of sebacoyl chloride (Fluka) in 10ml
chloroform was added dropwise Weéh stirring. The color of the mixture
changed from red to dark blue after 30min améintained dark blue until the
end of polymerizaon. The polymearation reaction was carried out with
vigorous agation for 20hr. After the eaction the mixture waspoured into
200ml ethanol, changing the color to red and this was evaporated in rotary
evaporator. Then the solid was washed with ethanol arniécted by filtration.
The solid product was washed with ethanolicew and dried in a vacuum oven
at 75C for 24hr. The polymer ahined was dark red powdef0.40g, 40.2%
yield).

IR (KBr pellet) : 3382 (m ; N-H), 2930, 2850 (s ; C-H), 1697 (s ; C=0O
amide), 1370 (s ; C-N), and 1150¢m(s ; sulfonate).'H NMR (DMSO and
DMF) : 6 = aromatic C+ : 8.75 (d, 2H), 8.44 (d, 2H), 8.30 (s, 2H), 8.11 (d,
4H), 7.95 (d, 4H), 7.53 (m, 4H) ; N-: 3.6 (s, 2H) ;aliphatic CH : 2.19 (m,
4H), 1.46 (s, 4H), 1.14 (m, 8H).

Charecterization

Infrared spctra were remrded on aMAGNA-IR 560 sgctrometer using KBr
pellets. Absrption spectra were taken on a Hewlett-Packa@452A
spectrophotmeter. ‘H NMR spectra were taken on aBruker ARX-300
spectrometer operating at300MHz. Thermogrametric analysis (TGA) was
condwcted with a Perkin-Elmer TGA 7 equipped with TGA 7/3 Instrument
Contrdler with heating rate of 2C€/min under nitrogen. MatrixAssisted Laser
Desorption lonizatn-Time of Flight (MALDI-TOF) mass spectrometry was
performed with a PerSeptive Biosgms Voyager-DE spectrometer using delayed
extraction mode with an acceleration voltage 2BHkeV. Matrix solution used
was dithranol in ethanol (10myl).

lon responive property measurement

Polymer-metal complex solutions usdéor optical measurements were prepared
from a polymer solution (3ml, 1.0 X 10 (based on repeating unit) in
ethanol/water 1/9, v/v) and aqueous metal salt solutions at ambient temperature.
The metal salt used wereumric sulfate, barium nitrate, ferric nitrate, potassium
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nitrate, calcium cdorate, and uranyl nitrate. UV/visible spectra of the polymer
solutions were recorded upon &dih of metal solutions with different
concentrations.

Results and Discussion

The polyamide containingCongo Red dye in itgnain chain was synthesized
via interfacial polyondenation. The color of the eaction mixture was changed
from red to blue and fally to red. It is well known that the color of Congo
Red changes from red to blue when stroagid is added. We, thdore,
thought the eaction was accomplished releasing H@iring the polymeeation.
FT-IR spectra of the polymers showed characteristic bands of ftivetional
groups expcted such as daonyl group (C=0) near 1697¢m(newly formed)
and sulfonate nearl150cni. According to MALDI-TOF, the miecular weight
of the polymer was found to be 3186. From the TGétad the polyamide as
synthesized has two thermal degradations22f and 392ZC. It is presumed that
the initial decomposition arresponds to the loss of sulfon&cid group and the
second thenal degradation is attributed to polymer kiaene degraation (13,14).
The polymer was found to be soluble in ethaBdllF, and DMSO.

The polyamide withCongo Red shows an decrease rn- 71 * transition at
498nm in the azo unit upon exposure retal ions s8ggesting that theslectons
in the azo groups are affted by metal ions used (Fig. 1 a@)l In the cases
of other metal ions such as UO Bd&", Cu’, and K, optical absrption of the
polymer solutions decreased in a similar manner. Each solution was maintained
neutral to prevent the additional effect of pH on the interaction of polymer with
metal ions. It has been observed that even additionl.6¥ pM of C& leads
to a noticeable change in the afimnce spctrum. Shifts of the absorption
maxima ( A,,) were also observed. However we could not observe remarkable
instant color changes upon the didoh of metal salts to the polymer solutions
as shown in Table 1. From these results we thought that ooational
changes in azo units (trans to cis) are not involved in mmétal-sensingprocess.
We also compared the chromism and absorption changes updaioradaf metals
between monomeric Congo Red and Congo Red polymer as syathes
Noticeable difference on the opticgropeties were notfound as we exgcted.

It is also presumed that the dependence of molecular weight on the optical
propeties was negligible in this pert because observed opticgropeties of
monomeric and polymeric Congo Red werenikgr. Once the polymer interacted
with the metal ions, the optical changes such asorpbens and A __ shifts
were found to emain unchanged fme addtion of more metal ions. We,
therefore, concluded that the sensing procedure were irreversible.

Table 1. Absorption responses of the polymer upon complexing with metal ions

ionfree  Ca?t  Fe** UOz2+ Ba¥* cvt K

absorption (nm) 498 518 500 510 490 494 490
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Fig.1. Effect of Ca?* concentration on the absorption spectra of the
polymer in ethanol/water (1.0x10"5M) : [CaZ+]=O, 167, 3.34, 5.01,6.68,
8.34,10.0, 11.7, 13.3,15.0uM. Arrow represents a direction of the

absorption changes.
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Fig.2. Effect of Fe®* concentration on the absorption spectra of the
polymer in ethanol/water (1.0x10°M) ; [Fe®*']=0, 3.33, 6.66,
9.99,13.3, 16.6, 19.9, 11.7, 23.3, 26.6, 29.9 uM. Arrow represents a
direction of the absorption changes.
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Fig.3. Relationship between absorbance at A ,,, and metal ion concentrations : (a) a;Ca”,
& Fe®, (b) #;,U0,%", ©;Ba", and (c) ®;Cu®*, O;K*. [polymer]=1.0x10"M

A, is the absorbance of polymer solution and A corresponds to the absorbance when metal
with known concentration is added.

Sensitivity of the polymer toward various metal ions are shown ig.3Fi
The sensitivity toward Ca and Fé& ions are about 10 to 1QGimes higher than
other metal ions. This eograges us drause this material can be used as
sensitive sersy materialfor C&" and Fé&

Conclusion

We synthesized polyamide containifi@ongo Red dye meties in the main chain
via interfacial polyondenstion. We observed that the polymer coudt as a
visible absorbingmaterial for detecting trace aount of metal cations such as
cd’, Fe€', UQ”, Bd&', CuU’, and K in aqueous media. The polymer showed
specific sensitivity to Ca and Fé&. We concluded that this material is
promising to use as a sensomyaterial for metal ions, especially Caand Fé&.
We are currently working on thin illh  formation via self-assembled
layer-by-layer depason (14) between the polynide as a polyanion and
commercially available polycation to use as an optical sensor.
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