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1. 

FAST QUANTITATIVE AND QUALITATIVE 
ANALYSIS OF SILICONE ADHESIVE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage entry under 35 U.S.C. 
S371 of International Patent Application No. PCT/US2014/ 
062067, filed 23 Oct. 2014, which claims priority to U.S. 
Provisional Patent Application Ser. No. 61/901,927, filed on 
8 Nov. 2013, which are incorporated herein by reference. 

BACKGROUND 

Silicone adhesives are a critical component in product 
efficacy and are used to ensure long term retention in the oral 
cavity of active ingredients from oral care compositions. 
Given their importance as ingredients in oral care compo 
sitions, it is critical to have accurate quantitative and quali 
tative information about the silicone adhesive prior to their 
use in bulk manufacturing of an oral care composition. 
A typical means of performing quantitative and qualita 

tive tests on silicone adhesives is to measure the Viscosity 
using a Brookfield viscometer. However, this procedure 
often provides great variances in the Viscosity (even with 
Small difference in instrumental parameters and hardware) 
of the sample which is not reflective of the entirety of the 
silicone adhesive batch. 

Another means of performing quantitative and qualitative 
tests on silicone adhesives is to measure the tack (“sticki 
ness”) of the adhesive. Numerous well known tests have 
been described to measure tack, e.g. probe tack (ASTM 
D2979), rolling ball (ASTM D3121), loop tack (FTM 9), 
“quick stick” (BS EN 1945). 

However, these tests also suffer from the vagaries of 
duration of contact, temperature, rate of testing and the skill 
of the tester. 

Both viscosity and tack testing attempt to provide quan 
titative and qualitative data by measuring a physical prop 
erty of the test sample. However, one of ordinary skill in the 
art could achieve the same Viscosity or tack data by using an 
alternative compound/composition than with the silicone 
adhesive. 

Another problem with the previously known test methods 
is the quantitative and qualitative testing can only extend to 
the batch of silicone adhesive itself these tests could not be 
extended directly to provide quantitative or qualitative data 
about the end product (e.g. an oral care composition) where 
the silicone adhesive has been added as an ingredient. (note: 
the method is more difficult to use for measurement of 
finished products with a yield stress) 

Lastly, manufacturers of silicone adhesives often provide 
general information about their proprietary products, but not 
specific information which could enable the end user to 
reverse engineer their products. As such, another challenge 
in performing quantitative and qualitative test on a silicone 
adhesive is to gain Sufficient test data to qualify a batch of 
silicone adhesive without having access to the specific 
chemical structure of the silicone adhesive. 

Therefore, there is still a need in the art for a simple and 
rapid test which provides improved quantitative and quali 
tative analysis of silicone adhesives which can also be 
extended to end products and can be provide sufficient 
analysis in the absence of specific structural data about the 
silicone adhesive. 

BRIEF SUMMARY 

Surprisingly, the problems of the state of the art can be 
Solved by using molecular spectroscopy, wherein the vibra 
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2 
tional fingerprint of a proprietary silicone adhesive is mea 
sured directly and is free from silicone diluent interferences. 
The method is capable of providing a qualitative analysis 
based on the vibrational fingerprint, and a quantitative 
prediction for the concentration of adhesive in a silicone 
diluent. 
The method may be useful as a quality control method 

during processing, by the receiving party, or in developing 
a certificate of analysis for a silicone adhesive. 
The method can also be used as a quality control method 

for the amount of silicone adhesive which was added during 
the process of making an oral care composition. 

Further areas of applicability of the present invention will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and specific examples, while indicating the preferred 
embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the 
invention. 
The following description of the preferred embodiment(s) 

is merely exemplary in nature and is in no way intended to 
limit the invention, its application, or uses. 
As used throughout, ranges are used as shorthand for 

describing each and every value that is within the range. Any 
value within the range can be selected as the terminus of the 
range. In addition, all references cited herein are hereby 
incorporated by referenced in their entireties. In the event of 
a conflict in a definition in the present disclosure and that of 
a cited reference, the present disclosure controls. 

Unless otherwise specified, all percentages and amounts 
expressed herein and elsewhere in the specification should 
be understood to refer to percentages by weight. The 
amounts given are based on the active weight of the mate 
rial. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 

FIG. 1 depicts Near IR fingerprint showing regions that 
are specific for adhesive molecular vibrational overtones and 
combination bands 

FIG. 2 depicts Mid IR fingerprint showing regions that are 
specific for adhesive fundamental molecular vibration 
caused by molecular stretching, bending, twisting, and wag 
ging motions. 

FIG. 3 depicts Near IR Calibration Fingerprint. Larger 
bands show stronger regions associated with concentration 
change. 

FIG. 4 depicts Mid IR Calibration Fingerprint. Larger 
bands show stronger regions associated with concentration 
change. 

DETAILED DESCRIPTION 

To address the problem of providing adequate quantitative 
and qualitative analysis to batches of silicone adhesive 
containing compositions, two IR methods were developing 
using the Near IR (2500 nm-1100 nm) and mid IR (4000 
cm-1 to 650 cm-1) regions found in the electromagnetic 
spectrum. 

Both methods were used to predict two different lots of 
silicone adhesive supplied by Dow Corning. The concen 
trations determined were within acceptable limits for an 
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analytical test method. In addition, an out of specification lot 
was measured using the qualitative method to assess con 
formity with prior good lots. 
One of the unique aspects of the Near IR method is that 

the method requires no clean up of the instrument. The 
samples are measured in flat and optically clearborosilicate 
glass vials using a diffuser that reflects light back to the 
detector. This makes analysis time extremely rapid. Total 
analysis time is less than one minute (approximately 30-35 
seconds). 

For the Mid IR method, a single bound diamond ATR 
(attenuated total reflectance) accessory is used that is able to 
be cleaned with petroleum distillates and dodecylbenzen 
sulphonic acid. Once the adhesive is removed and solvent is 
applied, the ATR accessory can be cleaned and dried with 
dilute soap and water and alcohol. Total analysis time is 
about 2 minutes or less. 
One embodiment of the invention is a method of validat 

ing the amount of silicone adhesive in a composition com 
prising silicone adhesive and silicone polymer, wherein the 
silicone adhesive and silicone polymer are not the same 
compound, which comprises of the steps of: 
(a) making calibration standard compositions containing 

silicone adhesive and silicone polymer wherein at least 
one of said calibration standard compositions is within the 
range selected from the group consisting of within 1.0 wt. 
% and within 0.5 wt.% of the pre-determined acceptable 
range for the amount of silicone adhesive; 

(b) optionally, Subjecting the calibration standard composi 
tions from step (a) to: 
(i) near IR spectroscopy; or 
(ii) mid IR spectroscopy; 

wherein the IR spectra obtained from the calibration stan 
dard composition is used to form (1) a calibration curve 
representing the amount of silicone adhesive; and (2) an IR 
spectra fingerprint unique to the pre-determined acceptable 
range for the amount of silicone adhesive in the silicone 
adhesive and silicone polymer containing composition; 
(c) obtaining a sample from a composition comprising 

silicone adhesive and silicone polymer; 
(d) Subjecting the sample from step (c) to: 

(i) near IR spectroscopy; or 
(ii) mid IR spectroscopy; and 

comparing IR spectra obtained in step (d) with the calibra 
tion curve and IR spectra fingerprint from step (b), wherein 
a composition comprising silicone adhesive and silicone 
polymer is validated when having Substantially the same 
pre-determined acceptable range for the amount of silicone 
adhesive as determined by the calibration curve and having 
Substantially the same IR spectra fingerprint. 

In another embodiment of the method described above, 
prior to step (a) a pre-determined acceptable range for the 
amount of silicone adhesive is established for the silicone 
adhesive and silicone polymer containing composition; 

In another embodiment of the method described above, 
the method of validating is repeated for a different compo 
sition comprising silicone adhesive and silicone polymer 
with the exception of steps (a) and (b). 

In another embodiment of the method described above, 
the amount of silicone adhesive and silicone polymers in the 
composition is selected from the group of wt.% consisting 
of greater than 90 wt.%, greater than 95 wt.%, greater than 
99 wt.% and 100 wt.%, based on the total weight of the 
composition. 

In another embodiment of the invention, the making of the 
calibration standard compositions containing silicone adhe 
sive and silicone polymer wherein at least one of said 
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4 
calibration standard compositions is within 0.5 wt.% of the 
pre-determined acceptable range for the amount of silicone 
adhesive also includes making calibration standard compo 
sitions which have lesser and/or greater amounts of silicone 
adhesive relative to the pre-determined acceptable range; the 
lesser or greater amounts can be within +50 wt.% of the 
pre-determined acceptable range. 

In another embodiment of the invention, the making of the 
calibration standard compositions containing silicone adhe 
sive and silicone polymer wherein more than one of said 
calibration standard compositions is within 1.0 wt.% of the 
pre-determined acceptable range and wherein the calibration 
standard composition is obtained from multiple lots/batches 
of the compositions containing silicone adhesive and sili 
cone polymer. 

In another embodiment of the method described above, 
the weight of the calibration standard composition is from 
0.00001% to 1% of the weight of the composition compris 
ing silicone adhesive and silicone polymer to be validated. 

In another embodiment of the method described above, 
the silicone adhesive is selected from the group consisting of 
Substituted polysiloxane or cross-linked substituted polysi 
loxane. 

In another embodiment of the method described above, 
the silicone polymer is a polysiloxane or cross-linked poly 
siloxane. 

Another embodiment of the invention is a method of 
determining the amount of silicone adhesive in an oral care 
composition which comprises: 

a composition comprising silicone adhesive and silicone 
polymer, wherein the silicone adhesive and silicone polymer 
are not the same compound; 

an active agent; 
an orally acceptable carrier; 

wherein the method comprises of the steps (a)-(d) described 
above and which further comprises: 
(e) mixing the validated composition comprising silicone 

adhesive and silicone polymer from step (d) with an 
active agent and an orally acceptable carrier to form the 
oral care composition; 

(f) obtaining a sample of the oral care composition from step 
(e) and Subjecting it to: 
(i) near IR spectroscopy; or 
(ii) mid IR spectroscopy; 

wherein the obtained IR spectra is compared against the 
calibration curve from step (b) to determine the amount of 
silicone adhesive in the oral care composition. 

In another embodiment of the method described above, 
the amount of silicone adhesive in the oral care composition 
relative to the amount of silicone adhesive in the composi 
tion comprising silicone adhesive and silicone polymer is 
selected from the ranges consisting of 50 wt.% to less than 
100 wt.%, 60 wt.% to 90 wt.% and 70 wt.% to 80 wt.%, 
based on the total weight of the oral care composition. 

In another embodiment of the method described above, 
the silicone adhesive is selected from the group consisting of 
a Substituted polysiloxane or cross-linked Substituted poly 
siloxane. 

In another embodiment of the method described above, 
the silicone polymer is selected from the group consisting of 
polysiloxane or cross-linked polysiloxane. 

In another embodiment of the method described above, 
the active agent is selected from the group consisting of 
abrasives, amino acids, anti-bacterial agents, anti-plaque 
agents, bleaching agents, breath freshening agents, a fluoride 
ion source, Stannous ion source, tartar control agent, whit 
ening agents, Zinc salts and mixtures thereof. 
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In another embodiment of the method described above, 
the active agent is a whitening agent selected from the group 
consisting of peroxide compounds, metal chlorites and per 
sulfate. 

In another embodiment of the method described above, 
the whitening agent is a peroxide compound, wherein the 
peroxide compound is hydrogen peroxide bound to polyvi 
nylpyrrolidone. 

Embodiments of the present invention are further 
described in the following examples. The examples are 
merely illustrative and do not in any way limit the scope of 
the invention as described and claimed. 

EXAMPLES 

Experimental Details 
Instrumentation (or Eqauivalent can be Used) 
FOSS NIRSystems XDS Near IR with Rapid Solid Ana 

lyzer (range 2500 nm-400 nm) 
Lead Sulfide Detector 
1 mm pathlength diffusers 
Measurement parameters: Fixed resolution, 32 co-added 

SCaS 

Disposible VWR vials or Kimble Shell vials (Opticlear) 
Perkin Elmer Spectrum 2000 
Single bounce Diamond ATR 
DTGS Detector 
Measurement parameters: 4 cm-1xaxis spacing, 16 co 

added scans (can increase scan number for better signal/ 
noise, but the measurement time will increase exponentially. 

Preparation of Standards 
(1) Record weight of silicone adhesive containing sample: 
(2) Calculate weight of silicone required to dilute silicone 

adhesive sample to the pre-determined amount/range; 
(3) Heat to 80° C.; and 
(4) Mix for 15 minutes. 
Calibration Standards 
Seven Calibration Standard concentrations prepared for 

use in the quantitative method 
Lot 025 142-23A 40.9%, 45.6%, 47.9%, 52.6% 
Lot 025 142-23B 29.7%, 40.9%, 52.6 
Blank 0% adhesive, 100% dimethicone (silicone) 
Validation of Method with Three Factory Blended 

Samples Near 40% 
0006700794, 025142-23A 025142-23B 
Quantitative and Qualitative Method Algorithms 
The Near IR and Mid IR quantitative calibration was 

developed by correlating the regions with strong adhesive 
vibrational response to the concentrations prepared in the 
laboratory by weight (see FIGS. 1 and 2). Since the ana 
lytical balance was used to prepare the calibration standards, 
the IR is considered a primary method of detection when 
used for concentration determination. The calibration algo 
rithm used is called partial least squares uses factor analysis 
to correlate the matrix of vibrational responses to the Y 
matrix of concentrations. Then uses a leave one out 
approach to optimize the number of terms in the model by 
predicting each of the standards as a true unknown when it 
is left out of the calibration. This method ensures the 
minimum number of terms (principal components) are used 
in the final calibration model thus avoiding overfitting the 
model with extraneous signal. 
The Qualitative conformity methods were developed also 

by using the regions that are highly specific for adhesive. 
The method uses principal component analysis, an algorithm 
that only uses the vibrational fingerprint and ignores the 
concentration matrix. In developing a qualitative method, 
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6 
the calibration set typically contains samples that are known 
to be physically and chemically in specification. Thus, only 
the 40% samples should be used. Once a model is developed 
that maps the fingerprint and variability of the good samples, 
it can be used to predict the distance between a new lot of 
material and the good sample model. The prediction is 
reported in units of Mahalanobis distance and is analogous 
to an Euclidean distance or standard deviation. 
Near IR Method Calibration Results 
The Near IR calibration results are found in FIG. 3 

&Table 1. FIG. 3 shows the calibration fingerprint used to 
create the calibration curve. The strong bands are found near 
the OH (1400 nm) and CH (1700 nm) regions. The combi 
nation band region from 1900 nm to 2300 nm was not used 
to create the final calibration curve as it was found to 
introduce error due to nonlinear detector response. 

Table 1 shows the final calibration curve which compares 
the actual amount of silicone adhesive in wt.% vs. the 
amount predicted using the near IR method; the data was 
obtained via PLS (partial least squares) regression analysis 
of Near IR fingerprint versus adhesive concentration. The 
plot shows the leave one out results (prediction vs. actual 
concentration). 
The correlation between the spectra and concentration is 

>0.999 using 2 or 3 principal components (modeling terms) 
in the final equation. 

TABLE 1. 

near IR 
Actual, wt.% predicted, wt.% 

45.6 45.744.08 
45.6 45.464O7 
29.7 3O45269 
29.7 29.S8430 
S2.6 52.96398 
S2.6 51.97949 
40.9 40.687OS 
40.9 40.571 64 
47.9 48.18048 
47.9 48.07.057 
S2.6 52.484.49 
S2.6 52.71365 
40.9 40.367.04 
40.9 41.15752 

Table 2 shows the validation results of various lots of 40% 
adhesive along with Some of the outlier samples containing 
85% adhesive, and 0% adhesive. The conformity index was 
marginal for detecting the difference between pure dimethi 
cone and with adhesive but is able to quantify adhesive 
concentration differences between 0% 96 and 85% adhesive 
with good accuracy. The agreement between the determined 
concentrations and the actual concentrations was excep 
tional within the range of concentrations used to calibrate 
the instrument. 

TABLE 2 

Near IRValidation 

Quantiative 

Qualitative Pass Near 
<3 = pass Fail Actual, IR, 

Sample Conformity Limit % % 

Adhesive A 1276 Fail 85 >100 
Adhesive B 1OOO Fail 85 >100 
dimethione blank 3.3 Fail O 2 
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TABLE 2-continued 

Near IRValidation 

Quantiative 

Qualitative Pass Near 
<3 = pass Fail Actual, IR, 

Sample Conformity Limit % % 

dimethicone blank 2 3.3 Fail O 1.7 
adhesive Lot 0006700794 40 rep1 1.33 Pass 40 40.6 
adhesive Lot 0006700794 40 rep2 1.36 Pass 40 40.2 
adhesive 40 lot 0125142-23 B rep1 O.85 Pass 40 39.7 
adhesive 40 let 0125142-23 B rep2 O.8 Pass 40 40.2 
adhesive 40 lot 0125142-23 A rep1 O.8 Pass 40 40.1 
adhesive 40 let 0125142-23 A rep2 0.73 Pass 40 40 

Mid IR Method Calibration Results 
The calibration results for the Mid IR method is found in 

FIG. 4 & Table 3. FIG. 4 shows the calibration fingerprint 
used in the final equation. The bands showing the strongest 
intensity are the vibrational frequencies with the most 
weighting for prediction of adhesive concentration. As you 
can see a strong band exists near 790 cm-1. 

Table 3 shows the final calibration curve which compares 
the actual amount of silicone adhesive in wt.% vs. the 
amount predicted using the mid IR method; the data was 
obtained via PLS (partial least squares) regression analysis 
of mid IR fingerprint versus adhesive concentration. With 
2-3 principal components a correlation greater than 0.99 is 
obtained. 

TABLE 3 

mid IR 
Actual, wt.% predicted, wt.% 

40.9 4089288 
40 4.O.S3328 
47.9 47.O1462 
40.9 40.80682 
S2.6 52.75493 
S2.6 52.53996 
45.6 44.97672 
47.9 48.4.1198. 

Table 4 provides the validation evidence when using the 
method to predict the concentration of on-target adhesive 
samples and out of specification samples. The conformity 
prediction is found to be significantly out of specification 
compared with the specification limit of 3 for both the 
dimethicone and pure adhesive material. The concentrations 
determined were within expectation. The accuracy of mea 
Suring the 40% samples was excellent and comparable to the 
Near IR method. The Mid IR had a much larger conformity 
value for dimethicone, indicating that the specificity for 
detection of the presence of adhesive is better than Near IR. 

TABLE 4 

Validation results from Mid IR method 

Quantiative 

Qualitative Pass, MID 
<3 = pass Fail Actual, IR, 

Sample Conformity Limit % % 

Adhesive A >SOOO Fail 85 >90 
Adhesive B >700 Fail 85 >90 
adhesive Lot O.86 Pass 40 40.6 
0006700794 40 rep1 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
TABLE 4-continued 

Validation results from Mid IR method 

Quantiative 

Qualitative Pass, MID 
<3 = pass Fail Actual, IR, 

Sample Conformity Limit % % 

adhesive 40 O.86 Pass 40 40.3 
lot 0125142-23 B rep1 
adhesive 40 O.76 Pass 40 40.6 
lot 0125142-23 A rep1 
Dimethicone >300,000 Fail O NA 

In conclusion, both the Mid IR and Near IR methods can 
be used ensure in-coming adhesive is chemically equivalent 
in concentration to the 40% concentration levels tested in 
early ship tested Samples. 
As those skilled in the art will appreciate, numerous 

changes and modifications may be made to the embodiments 
described herein without departing from the spirit of the 
invention. It is intended that all such variations fall within 
the scope of the appended claims. 
We claim: 
1. A method of quantitatively and qualitatively validating 

the amount of silicone adhesive in a composition comprising 
silicone adhesive and silicone polymer, wherein the silicone 
adhesive and silicone polymer are not the same compound, 
which comprises of the steps of: 

(a) making calibration standard compositions containing 
silicone adhesive and silicone polymer wherein at least 
one of said calibration standard compositions has the 
pre-determined acceptable range for the amount of 
silicone adhesive; 

(b) Subjecting the calibration standard compositions from 
step (b) to: 
(i) near IR spectroscopy; or 
(ii) mid IR spectroscopy; 

wherein the IR spectra obtained from the calibration 
standard composition is used to form (1) a calibration 
curve representing the amount of silicone adhesive; and 
(2) an IR spectra fingerprint unique to the pre-deter 
mined acceptable range for the amount of silicone 
adhesive in the silicone adhesive and silicone polymer 
containing composition; 

(c) obtaining a sample from a composition comprising 
silicone adhesive and silicone polymer; 

(d) Subjecting the sample from step (c) to: 
(i) near IR spectroscopy; or 
(ii) mid IR spectroscopy; and 

comparing IR spectra obtained in step (d) with the cali 
bration curve and IR spectra fingerprint from step (b). 
wherein a composition comprising silicone adhesive 
and silicone polymer is validated when having Substan 
tially the same pre-determined acceptable range for the 
amount of silicone adhesive as determined by the 
calibration curve and having Substantially the same IR 
spectra fingerprint. 

2. The method of claim 1, wherein the method of vali 
dating is repeated for a different composition comprising 
silicone adhesive and silicone polymer with the exception of 
steps (a) and (b). 

3. The method of claim 1, wherein the amount of silicone 
adhesive and silicone polymers in the composition is 
selected from the group of wt.% consisting of greater than 
90 wt.%, greater than 95 wt.%, greater than 99 wt.% and 
100wt.%, based on the total weight of the composition. 
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4. The method of claim 1, wherein the weight of the 
calibration standard composition is from 0.00001% to 1% of 
the weight of the composition comprising silicone adhesive 
and silicone polymer to be validated. 

5. The method of claim 1, wherein the silicone adhesive 
is selected from the group consisting of substituted polysi 
loxane or cross-linked substituted polysiloxane. 

6. The method of claim 1, wherein the silicone polymer is 
a polysiloxane or cross-linked polysiloxane. 

7. The method of claim 1, wherein the validation time is 
less than one minute when the sample from step (d) is 
subjected to near IR spectroscopy. 

8. The method of claim 1, wherein the validation time is 
less than two minutes when the sample from step (d) is 
subjected to mid IR spectroscopy. 

9. The method of claim 1, wherein prior to step (a) a 
pre-determined acceptable range for the amount of silicone 
adhesive is established for the silicone adhesive and silicone 
polymer containing composition. 

10. A method of quantitatively and qualitatively deter 
mining the amount of silicone adhesive in an oral care 
composition which comprises: 

a composition comprising silicone adhesive and silicone 
polymer, wherein the silicone adhesive and silicone 
polymer are not the same compound; 

an active agent; 
an orally acceptable carrier; 

wherein the method comprises of the steps of claim 1 and 
further comprises: 

(e) mixing the validated composition comprising silicone 
adhesive and silicone polymer from step (d) with an 
active agent and an orally acceptable carrier to form the 
oral care composition; 

10 

15 

25 

30 

10 
(f) obtaining a sample of the oral care composition from 

step (e) and subjecting it to: 
(i) near IR spectroscopy; or 
(ii) mid IR spectroscopy; 

wherein the obtained IR spectra is compared against the 
calibration curve from step (b) to determine the amount of 
silicone adhesive in the oral care composition. 

11. The method of claim 10, wherein the amount of 
silicone adhesive in the oral care composition relative to the 
amount of silicone adhesive in the composition comprising 
silicone adhesive and silicone polymer is selected from the 
ranges consisting of 50 wt.% to less than 100 wt.%, 60 wt. 
% to 90 wt.% and 70 wt.% to 80 wt.%, based on the total 
weight of the oral care composition. 

12. The method of claim 10, wherein the silicone adhesive 
is selected from the group consisting of a substituted poly 
siloxane or cross-linked substituted polysiloxane. 

13. The method of claim 10, wherein the silicone polymer 
is selected from the group consisting of polysiloxane or 
cross-linked polysiloxane. 

14. The method of claim 10, wherein the active agent is 
Selected from the group consisting of abrasives, amino acids, 
anti-bacterial agents, anti-plaque agents, bleaching agents, 
breath freshening agents, a fluoride ion source, stannous ion 
Source, tartar control agent, whitening agents, zinc salts and 
mixtures thereof. 

15. The method of claim 10, wherein the active agent is 
a whitening agent selected from the group consisting of 
peroxide compounds, metal chlorites and persulfate. 

16. The method of claim 10, wherein the whitening agent 
is a peroxide compound, wherein the peroxide compound is 
hydrogen peroxide bound to polyvinylpyrrolidone. 


