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Abstract: 


Linen is derivatized with long chain fatty acid chlorides and the resulting cellulose esters are treated under acidic and basic conditions similar to those used to clean fabrics prior to carbon dating.  Chemical analysis as determined by combustion of the linen before and after the cleansing treatment revealed that the cleaning process did not remove all of the pendant acyl groups attached. The extent of removal of these groups appeared dependent on the hydrophobicity of the fabric.  A simple carbon hydrogen nitrogen combustion analysis of the fabric is suggested as a means of detecting inadvertent contamination of fabrics by fats and  proteins. 



The Shroud of Turin is a relic that some believe to be 2000 years old.  Radiocarbon dating performed simultaneously at the University of Arizona, Oxford University and the ETH in Zurich. concluded that the shroud was Medieval (1).  Since the publication of these results, this conclusion has been criticized by Kouznetsov (2) and his co-workers on the basis of a model they used to simulate the conditions of a fire which occurred at Chambery in 1532. Kouznetsov et al. have reported some unusual isotope effects which they claim may have affected the date. No one has yet been successful in reproducing Kouznetsov's work (3).  In addition to exposure to carbon dioxide and carbon monoxide, the shroud was damaged by molten silver and subsequently by water used in fighting the fire.

10. 
Several theories have been proposed to rationalize the carbon dating results (4). Two of these theories are based on an exchange mechanism by which modern carbon is introduced into the relic.  An exchange mechanism used to explain the carbon dating is subject to substantial scientific criticism. In order to simulate a 12th century age in a relic of approximately 2000 yrs, approximately 70% of the original carbon of the relic would have to be exchanged with “modern” carbon in the absence of some remarkable C12/C14 fractionation. This amount varies depending on the date or dates the exchange took place and is so significant that it is questionable that the integrity of any fabric could survive the process  Furthermore, it  also contradicts other available evidence.  Linen relics isolated from antiquity from other sites afford radiocarbon dates that are consistent with historical fact (1, 9).  If the radiocarbon date is in error, it must be as a result of the history specific to the shroud.

11. 
We have been examining a possibility that has been suggested previously by Kouznetsov (1), Meachum (5) and others (6, 10). The proposal is easily tested experimentally and if found to be viable, could suggest modifications and safeguards to the existing protocol in any further carbon dating measurements on the shroud and similar artifacts. Unlike the exchange theories, we have investigated whether textiles, and in particular linen, can be chemically modified by the introduction of long carbon chains such as found in oils, candle or beeswax to account for erratic and perhaps erroneous dates. The hypothesis we have examined is that if additional carbon has been introduced into the fabric through some process not yet defined, would this added material survive the typical chemical treatment used to wash fabrics prior to carbon dating? The carbon groups that we have introduced are derivatives of common fatty acids.  We have attempted to bind them chemically to glucose.  Palmitic acid, C16H32O2, was chosen initially, because of its availability and chemical similarity to the fatty acid groups found typically in tallow that is used to make candles. We have also examined the effects of using docosanoic acid. The hypothesis we have examined is that the tallow, a triglyceride, may have reacted chemically with the glucose, perhaps in the presence of carbonate ion used in washing, through a chemical process know as trans-esterification to produce an ester of cellulose, thereby adding to the carbon base. Depending on the date of the  trans-esterification, this chemical modification could have a significant effect on the age of the relic. With regards to the shroud, some support for this hypothesis has been reported in the weighing and measuring of shroud samples. The weight of the samples were found to weigh roughly twice what they should according to size and measured weight of the shroud itself (11).  

Other substances we have briefly examined include egg white, olive oil and beeswax. Proteins have been found on the shroud by Heller and Alder (8), but only in the blood areas. Wax, possibly beeswax, has also been found on the shroud (8). We have examined these materials to determine whether they bind easily and if they are removed by the chemical cleansing treatment. Drying oils such as linseed, hempseed, and walnut which were known and used in paintings in the 14th century (6, 7) and also likely to bind chemically to cellulose have not been examined. 


Chemical modification of cellulose is a well known process. We intend to examine how many long chain carbon groups can be readily attached to the glucose units in cellulose in the form of spun linen fibers. This is illustrated in Fig 1. Our method of chemically modifying the 

fibers involves the reaction of an acid chloride of the fatty acid with the cellulose in the presence of pyridine. This well documented pathway was chosen to determine the maximum number of groups that can be attached and whether they would be removed when the fabric was washed prior to carbon dating; it bears no resemblance to how these groups may have become attached to the fabric.


Cellulose fibers in the fabric are held together by hydrogen atoms attached to oxygen interacting with oxygen atoms on adjacent strands. These interaction are called hydrogen bonds. Each glucose unit in the cellulose can contribute a maximum of 3 hydrogen bonds.  By chemically modifying only one O-H group in every six to nine hydroxyl groups, the tensile strength and other properties of the fiber may not be significantly affected. Yet depending on the 







Figure 1.
A portion of a cellulose chain being reacted with C16H31ClO.


size of the carbon chain added, this would be sufficient carbon to significantly alter the radiocarbon date. The extent of this chemical modification on a fabric such as the shroud would be expected to vary depending on location.

12.  
During the process of cleaning the shroud prior to radiocarbon dating, the wax and tallow physically bound to the fabric was removed by washing with organic solvents. However it is not clear that the conditions used would removed chemically bound groups. The conditions for cleaning used by the Oxford group were the most vigorous, 1 M HCl and 1 M NaOH at 80°C (2 hours) (1). Although these conditions should be sufficient to remove such groups, the rate of removal of these groups could be significantly affected by the hydrophobicity of the fibers in the medium. We expected chemically modified linen to be more insoluble and hydrophobic in the aqueous medium and tested whether these long chain carbon groups remained attached after this cleansing process.

Analysis

The introduction and fate of the acyl groups introduced on to the glucose units of the cellulose was monitored by combustion analysis. Cellulose can be considered to have the simple formula (C6H10O5)n where n is a large and variable number. While this is only an approximate composition, it is quite a good one. This composition corresponds by weight to 44.44% C, 6.17 % H and the remainder oxygen. If we attach a single C16H32O2 group on one of every three glucose molecules, the repeating formula becomes (C16H32O2)n.(C6H10O5)3n and the carbon and hydrogen in the fiber increases to 56.35% and 8.28 % by weight. By completely burning the sample and determining how much carbon dioxide and water is formed we can determine an approximate composition of the fiber. After the wash treatment, the number of C16H32O2 groups lost can be evaluated by re-determining the C, H composition. 

Experimental Section 


Materials.  Palmitoyl chloride(C16H31ClO, 98%) and docosanoic acid was obtained from Aldrich Chemicals (St. Louis, MO).   Both reagents were used as received.  Flax grown in St. Louis MO was spun into linen thread by Carol Hagen, Pennyroyal Farm, 440 Marechal, St. Louis MO 63031. Elemental analyses for C, H and N in duplicate,  were performed by Mr. John McGrath of the U. M. St. Louis Biology department on a Perkin Elmer PE 2400 Series II CHNS/O Analyzer. Uncertainties represent one standard deviation.

Preparation of Docosanoyl chloride. Docosanoic acid ( 7.0), thionyl chloride ( 40 mL ) and a few drops of dimethylformamide were refluxed for 20 hr. The acid slowly dissolved with the evolution of HCl and SO2. The excess thionyl chloride was distilled and the residue which solidified was evacuated to remove traces of thionyl chloride. An infrared spectrum of the carbonyl region revealed a carbonyl  frequency at 1795 cm-1 which is consistent with the frequency expected of an acid chloride. The acid chloride was used without any further treatment. 

Esterification of Linen Fibers with Palmitoyl Chloride.  Palmitoyl chloride (4.53g,  5 ml, 0.0165 mol) dry pyridine (15 mL) were added into a three-neck 100 ml round bottom flask equipped with a thermometer and water condenser. A sample of linen threads (0.6394 g), previously washed with pentane (3x 5 mL) and dried, was added . The mixture was then heated  to 50 °C for 24 hours. A nitrogen flow was maintained during the course of the reaction.   After the reaction was complete, the linen was separated from the excess pyridine and washed  with acetone (50 mL),  methylene chloride (50 mL), distilled water (50 mL), and again with acetone (50 mL).   The linen was dried under vacuum.

Esterification of Linen Fibers with Docosanoyl Chloride.  Two experiments were performed with docosanoyl chloride. This reaction was repeated using the conditions as described for the esterification of palmitoyl chloride. Docosanoyl chloride (0.48 g) and dry pyridine (15 mL) were reacted with linen fibers (0.11 g), resulting in recovered linen (0.14 g) (Run I).

In a second experiment, docosanoyl chloride (4.41 g,  0.012 mol) and dry pyridine (15 mL) were added into a three-neck 100 ml round bottom flask equipped with a thermometer and water condenser. Linen (0.45 g), previously washed with pentane (3x 5 mL) and dried, was added. The mixture was then heated  to 85-90 °C for 20 hours. A nitrogen flow was maintained during the course of the reaction.   After the reaction was complete, the linen was filtered  off from the excess pyridine and washed  with acetone (50 mL), methylene chloride (50 mL), warm water (40 °C), distilled water (50 mL), and again with acetone (50 mL).   The residue was dried under vacuum. The fibers were lightly brown in color (Run II). 

Hydrolysis of  Esterified Linen by 1.0 N NaOH.  The linen sample derivatized with palmitoyl chloride (0.0658 g) was stirred with  10 ml 1.0 N NaOH (Fischer Scientific) at 80 oC for 2 hours.  After two hours, the linen was filtered and washed with distilled water (100 mL) until the filtrate was no longer  alkaline  to pH paper. The linen was then washed with acetone, distilled water and dried. The linen sample derivatized with docosanoyl chloride (0.0642 g)), egg white and beeswax were reacted in a similar manner.

Hydrolysis of Esterified Linen by 1.0 N HCl.  The linen derivatized with palmitoyl chloride (0.0649 g)  was treated with 10 ml  1.0 N HCl and heated at 80 oC for 2 hours.  The linen was then filtered washed with  distilled water until the filtrate was no longer acid to pH paper. The linen was then washed with acetone, distilled water and then dried.

Hydrolysis of  Esterified Linen by 1.0 N NaOH. The linen sample derivatized with docosanoyl chloride was treated as described for the palmitoyl derivative and a sample of  linen fibers treated with NaOH was submitted for C, H, N analysis along with an untreated sample.

Hydrolysis of  Esterified Linen by 1.0 N NaOH.  The linen sample derivatized with docosanoyl chloride (0.0658 g) was stirred with  10 ml 1.0 N NaOH (Fischer Scientific) at 80 oC for 2 hours.  After two hours, the linen was filtered and washed with distilled water (100 mL) until the filtrate was no longer  alkaline  to pH paper. The linen was then washed with acetone, distilled water and dried (60 °C).

13. Effect of Beeswax on Linen.  A sample of beeswax from a honeycomb (0.635 g, J. Buxton Honey Farm, 5197 Hwy HH, Cataissa MO 63105) and linen (0.0902 g) were allowed to stand in an oven for 3 months at 65-70 °C. The wax and fibers darkened slightly. The fibers were washed with acetone, methylene chloride, and water according to the protocol described above. Hydrolysis with NaOH followed general protocol described above.

Effect of Eggwhite on Linen. Eggwhite (2.07 g) and linen were allowed to stand at 60-65 °C for 3 weeks. The fibers were isolated and washed as described for linen treated with beeswax.  Hydrolysis with NaOH also followed general protocol described above.
Results and Discussion



Changes in the composition of the cellulose were followed by combustion analysis. The theoretical C, H, and N analysis for C5H10O5 is given in the first entry in Table 1. The experimental results of a washed but otherwise untreated sample of linen provided the analysis given as the second entry.  The results obtained for carbon are close but slightly lower than the theoretically expected values. This in part is due to the presence of a small amount  of nitrogen in the sample fibers which were slightly brownish in color. The nitrogen may be due to the presence of small amounts of porphyrin from the chlorophyll that was present. 


The linen treated with palmitoyl chloride gave the analysis reported as the third entry in Table 1. On the basis of the elemental composition, some palmitoyl esters of cellulose appear to have been formed and we estimate that one ester group has been added to every 4-5 glucose units as suggested by the first two entries in Table 2. The outward appearance of the modified linen did not appear appreciably different from the untreated fibers. When this ester was subjected to hydrolysis in 1 M HCl for 2 hours at 80 °C, washed and dried as described in the experimental section, the results reported in the first entry of Table 3 were obtained. Differences in the carbon and hydrogen content before and after treatment with HCl are -1.18 (0.9 and -0.13 (0.25 %. Both the carbon and hydrogen analyses are within two standard deviations of the experimental error.   We conclude that the HCl treatment had no significant affect on the carbon and hydrogen content.  This means that HCl treatment did not remove a significant amount of the long carbon chains as far as we could tell.


When linen esterified with palmitoyl chloride was treated with 1.0 N NaOH according to the literature procedure used in cleaning the shroud (2) and described above, the recovered fibers analyzed as the second entry in Table 3. Differences in the carbon and hydrogen content before and after treatment with NaOH are 5.43 ( 1.18 and 0.682 ( 0.31. In this instance, the differences between before and after treatment with NaOH are significantly different and greater than two standard deviations of the mean. We conclude from the results of this experiment that slightly more than half of groups added (C15H27CO-) have been cleaved off by this treatment. A rough analysis of the composition after hydrolysis is given as the first entry in Table 4. The carbon analysis suggests that only one in about 13 glucose units contains a palmitoyl group still attached.

14. 
Several different cleaning protocols were used in the experiments reported by the groups at the University of Arizona, Oxford University and the ETH in Zurich (1). These conditions would be expected to remove varying amounts of contamination. Sufficient details are not available in the report of the original carbon dating to determine how the different cleaning treatments correlated with the individual dates measured. However it is clear that the carbon dates obtained were not terribly sensitive to the cleansing process. This observation forces up to conclude that either the alleged groups were not present to begin with or for some unknown reason they were not removed at all.  

15. 
Our observation that that only half of the ester groups are cleaved in base suggests that small changes in the structure of the carbon group might have a significant effect on how much is removed. The fatty acid groups found typically in tallow can vary from fourteen to twenty four carbons. To test the possibility that the presence of carbon groups with more than sixteen carbons might be more resistant to base removal, we repeated the experiments described above in the Experimental Section using docosanoyl chloride, an ester containing a carbon chain of twenty-two carbon atoms. In addition, we decided to use two different loadings. The first sample, the fourth entry in Table 1, analyzed for one docosanoyl group for ever three glucose units. This material when treated with base using the more vigorous Oxfords conditions resulted in recovered fibers that gave an analysis similar to those observed for a palmitoyl group. Many but not all of the docosanoyl groups were removed. 

Linen treated with a larger amount of docosanoyl chloride and at 85-90 °C gave the  analysis reported as the fifth entry in Table 1 (Run II). On the basis of the chemical analysis, we conclude that nearly all the hydroxyl units in glucose have reacted with docosanoyl chloride under these more vigorous conditions. The detrimental effect of these conditions on the physical state of the fibers was clearly visible.

16. Treatment of these fibers with 1.0 M NaOH as before resulted in fibers with the analysis given as the fourth entry in Table 3 (Run II). The analyses obtained before and after treatment remained unchanged within the uncertainty of our experiments. This suggests that the number of pendant acyl groups before and after treatment with 1.0 M NaOH remained constant and suggests that as the number of pendant groups increases, the groups are less easily removed. This is probably the result of the more hydrophobic nature of the derivatized linen. This result raises the possibility that similar long pendent hydrocarbon groups, if present on a fabric in sufficient number, may not be removed by the typical chemical treatment used in cleansing process. The results we have observed appear to be more dependent on the number of groups that have been attached and less dependent on their length. However this work clearly suggests that if such groups become chemically attached regardless of their length, the cleaning process may only remove a portion of them. 

17. Linen treated with olive oil does not appear to be significantly changed at least under the conditions of our experiments. Our interest here was to determine whether any linking to cellulose occurs at allylic or vinylic positions of the unsaturated oil under the influence of atmospheric oxygen.  

Linen treated with egg white does appears to be modified by comparing the nitrogen analysis found in the seventh entry of Table 1 to untreated linen. Since all of the protein was removed by treatment with NaOH, determination as to whether the egg white was just physically adsorbed or chemically attached to the cellulose was not pursued.    

18. 
The linen treated with beeswax, also appears to have incorporated some of the beeswax although the levels are quite low. Treatment with base using the more vigorous Oxford conditions however restored the carbon analysis to that expected for pure cellulose. As with the experiments with the egg white, it was not determined whether the beeswax was physically or chemically attached.

19. In conclusion, this work has demonstrated that if lipids become chemically attached to cellulose, it is quite unlikely that the chemical treatment presently used would remove all of the chemically attached groups. However what has not been demonstrated by this work, is some likely manner leading to the attachment of such lipids. This work does suggest a simple protocol for future carbon dating to alert archeologists about the possibility of such attachment. With fabrics, a simple carbon hydrogen combustion analysis similar to those performed here would alleviate some of the fears concerning inadvertent contamination. The presence of protein and fat contaminants can be readily detected using typical C, H, and N analysis. Only carbohydrate contaminants could pass undetected. These C, H, and N combustion analyses typically require only a few milligrams of sample and can be used in cases where only small samples of fabric are available. 
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Table 1. Results of C, H, and N analyses on linen prior to washing with acid or basea
Sample
Carbon (%)
Hydrogen  (%)
Nitrogen (%)






Linen (C5H10O5): theory
44.44
6.17


Washed untreated linen
43.59 ( 0.21
6.76 ( 0.025
0.44 ( 0.029

Linen treated with palmitoyl chloride  
53.39 ( 0.9
6.76 ( 0.02
0.44 ( 0.03

Linen treated with docosanyl chloride: Run I
59.87 ( 0.67
9.63 ( 0.07
0.32 ( 0.0

Linen treated with docosanyl chloride: Run II
75.8 ( 0.38
11.71 (0.35
0.003 ( 0.002

Linen treated with olive oil
42.81 ( 0.6
6.54 ( 0.08
0.36 ( 0.0

Linen treated with egg white
44.05 ( 0.33
6.92 ( 0.01
1.85 ( 0.46

Linen treated with beeswax
44.98 ( 0.11
6.99 ( 0.01
0.41 (0.12






a results of duplicate analyses

Table  2. Hypothetical linen-ester compositions and their analysis

Composition
Carbon (%)
Hydrogen (%)
Nitrogen (%)






linen-palmitate (C6H10O5)4. C16H30O
54.17
7.9
0.0

linen-palmitate  (C6H10O5)5. C16H30O
52.67
7.63
0.0

linen-docosanoate (C6H10O5)3. C22H42O
59.4
8.91
0.0

 linen-docosanoate C6H10O5. (C22H42O)2.5
75.7
11.9
0.0






Table 3. Composition of linen derivatives following acid or base washinga 

Sample
Carbon (%)
Hydrogen (%)
Nitrogen (%)






linen-palmitate: 1 M HCl
54.5 ( 0.04
8.43 ( 0.9
0.35

linen-palmitate: 1 M NaOH
48.0 ( 0.76
7.59 ( 0.17
0.25 ( 0.01

linen-docosanoate (Run I) : 1 M NaOH 
47.0 ( 0.42
7.69 ( 0.1
0.24 ( 0.12

linen-docosanoate (Run II) : 1 M NaOH 
75.6 ( 0.43
11.8 ( 0.03
0.07 ( 0.04

Linen treated with egg white: 1 M NaOH
42.68 ( 0.36
6.73 ( 0.014
0.11 ( 0.01

Linen treated with beeswax: 1 M NaOH
23. 42.66 ( 0.11
24. 6.63 ( 0.03
25. 0.11 ( 0.02






a results of duplicate analyses

Table  4. Hypothetical linen-ester compositions and their analysis following base hydrolysis

Composition
Carbon (%)
Hydrogen (%)
Nitrogen (%)






linen-palmitate (C6H10O5)13. C16H30O
48.12
6.8
0.0

 linen-docosanoate C6H10O5. (C22H42O)2.5
75.7
11.9
0.0

linen-docosanoate (C6H10O5)20. C22H42O
47.8
6.79
0.0






+  HCl
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10.41 0

#version 210

MOL 16 16

2253.770 -742.410 0.000 1 1 1 C 0 0

2027.910 -612.010 0.000 2 1 2 C 0 0

2616.225 -533.147 0.000 3 1 3 C 0 0

2953.181 -727.688 0.000 4 1 4 O 0 0

3373.969 -484.746 0.000 5 1 5 C 0 0

2901.041 -895.677 0.000 6 1 6 C 0 0

3346.470 -532.377 0.000 7 1 7 C 0 0

2556.366 -696.677 0.000 8 1 8 C 0 0

3703.862 -675.209 0.000 9 1 9 O 0 0

2901.042 -1153.956 0.000 10 1 10 H 0 0

3149.872 -962.351 0.000 11 1 11 O 0 0

2616.226 -258.118 0.000 12 1 12 H 0 0

2263.980 -355.762 0.000 13 1 13 C 0 0

2339.443 -913.602 0.000 14 1 14 O 0 0

2556.367 -349.590 0.000 15 1 15 H 0 0

3373.970 -268.736 0.000 16 1 16 H 0 0

2 1 0 0 0

1 3 0 0 0

3 4 0 0 0

4 5 0 0 0

5 6 0 0 0

5 7 0 0 0

6 8 0 0 0

8 1 0 0 0

5 9 0 0 0

6 10 0 0 0

6 11 0 0 0

3 12 0 0 0

3 13 0 0 0

8 14 0 0 0

8 15 0 0 0

5 16 0 0 0

#pseudo_bond 0

#atom_label 9

4

1

2875.875 -658.400 3032.125 -813.240

2891.500 -743.333 0.000 0.000

10.41 0

1 0

O

1

1 2953.000 -727.000 0

9

1

3625.875 -606.400 3782.125 -761.240

3641.500 -691.333 0.000 0.000

10.41 0

1 0

O

1

1 3703.000 -675.000 0

10

1

2830.750 -1084.400 2973.250 -1239.240

2845.000 -1169.333 0.000 0.000

10.41 0

1 0

H

1

1 2901.000 -1153.000 0

11

1

3071.875 -893.400 3342.125 -1048.240

3087.500 -978.333 0.000 0.000

10.41 0

1 0

OH

1

1 3149.000 -962.000 0

12

1

2545.750 -189.400 2688.250 -344.240

2560.000 -274.333 0.000 0.000

10.41 0

1 0

H

1

1 2616.000 -258.000 0

13

1

1757.250 -290.300 2302.750 -465.680

1765.000 -373.500 0.000 0.000

10.41 0

1 0

HOCH2

1 4 81

3 2263.000 -355.000 0

14

1

2147.875 -844.400 2418.125 -999.240

2163.500 -929.333 0.000 0.000

10.41 0

1 0

HO

1

3 2339.000 -913.000 0

15

1

2485.750 -280.400 2628.250 -435.240

2500.000 -365.333 0.000 0.000

10.41 0

1 0

H

1

1 2556.000 -349.000 0

16

1

3302.750 -199.400 3445.250 -354.240

3317.000 -284.333 0.000 0.000

10.41 0

1 0

H

1

1 3373.000 -268.000 0

end

2

3725.500 -454.845 4048.133 -685.420

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 2 1

3995.723 -507.255 0.000 1 1 1 C 0 0

3777.910 -633.010 0.000 2 1 2 C 0 0

2 1 0 0 0

#pseudo_bond 0

#atom_label 0

end

1

2027.910 -1264.010 2182.910 -1460.010

2058.910 -1362.010 0.000 0.000

10.41 0

1 0

+

1

1

1392.910 -1587.010 2650.910 -1809.010

1423.910 -1685.010 0.000 0.000

10.41 0

1 0

CH3(CH2)14COCl

1 2 81 3 1 6 81 7 1 8 81 10 1

3

4236.500 -653.600 4695.320 -674.420

4246.910 -664.010 4684.910 -664.010

10.41 0

4534.910156 -624.009949

4534.910156 -704.009949

4246.910156 -664.009949

0.000000

0

2

905.313 -2593.990 2972.535 -3770.650

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 17 17

1513.820 -3101.030 0.000 1 1 1 C 0 0

1796.066 -3383.275 0.000 2 1 2 C 0 0

2181.620 -3279.966 0.000 3 1 3 C 0 0

2567.176 -3383.274 0.000 4 1 4 C 0 0

2284.929 -3101.029 0.000 5 1 5 O 0 0

1899.374 -3204.339 0.000 6 1 6 C 0 0

2841.003 -3225.179 0.000 7 1 7 O 0 0

2567.176 -3579.583 0.000 8 1 8 H 0 0

1236.622 -3190.230 0.000 9 1 9 O 0 0

1637.970 -2942.933 0.000 10 1 10 C 0 0

1899.375 -3444.547 0.000 11 1 11 H 0 0

1796.066 -3632.002 0.000 12 1 12 H 0 0

2181.621 -2975.281 0.000 13 1 14 H 0 0

2240.795 -3500.808 0.000 14 1 15 O 0 0

957.723 -3115.498 0.000 15 1 16 C 0 0

1513.821 -2715.458 0.000 16 1 16 H 0 0

1556.064 -3383.274 0.000 17 1 17 O 0 0

1 2 0 0 0

2 3 0 0 0

3 4 0 0 0

4 5 0 0 0

5 6 0 0 0

6 1 0 0 0

4 7 0 0 0

4 8 0 0 0

1 9 0 0 0

6 10 0 0 0

6 11 0 0 0

2 12 0 0 0

3 13 0 0 0

3 14 0 0 0

9 15 0 0 0

1 16 0 0 0

2 17 0 0 0

#pseudo_bond 0

#atom_label 11

5

1

2206.875 -3032.400 2363.125 -3187.240

2222.500 -3117.333 0.000 0.000

10.41 0

1 0

O

1

1 2284.000 -3101.000 0

7

1

2763.875 -3156.400 2920.125 -3311.240

2779.500 -3241.333 0.000 0.000

10.41 0

1 0

O

1

1 2841.000 -3225.000 0

8

1

2496.750 -3510.400 2639.250 -3665.240

2511.000 -3595.333 0.000 0.000

10.41 0

1 0

H

1

1 2567.000 -3579.000 0

9

1

1158.875 -3121.400 1315.125 -3276.240

1174.500 -3206.333 0.000 0.000

10.41 0

1 0

O

1

1 1236.000 -3190.000 0

10

1

1131.250 -2877.300 1676.750 -3052.680

1139.000 -2960.500 0.000 0.000

10.41 0

1 0

HOCH2

1 4 81

3 1637.000 -2942.000 0

11

1

1828.750 -3375.400 1971.250 -3530.240

1843.000 -3460.333 0.000 0.000

10.41 0

1 0

H

1

1 1899.000 -3444.000 0

12

1

1725.750 -3563.400 1868.250 -3718.240

1740.000 -3648.333 0.000 0.000

10.41 0

1 0

H

1

1 1796.000 -3632.000 0

13

1

2110.750 -2906.400 2253.250 -3061.240

2125.000 -2991.333 0.000 0.000

10.41 0

1 0

H

1

1 2181.000 -2975.000 0

14

1

2162.875 -3431.400 2433.125 -3586.240

2178.500 -3516.333 0.000 0.000

10.41 0

1 0

OH

1

1 2240.000 -3500.000 0

16

1

1442.750 -2646.400 1585.250 -2801.240

1457.000 -2731.333 0.000 0.000

10.41 0

1 0

H

1

1 1513.000 -2715.000 0

17

1

1478.875 -3314.400 1635.125 -3469.240

1494.500 -3399.333 0.000 0.000

10.41 0

1 0

O

1

3 1556.000 -3383.000 0

end

2

834.665 -3018.660 1107.977 -3330.400

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 2 1

918.821 -3258.030 0.000 1 1 1 C 0 0

1023.820 -3091.030 0.000 2 1 2 C 0 0

2 1 -7 0 0

#pseudo_bond 0

#atom_label 0

end

2

2596.840 -2792.990 4979.167 -3947.650

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 18 18

3145.679 -3398.430 0.000 1 1 1 C 0 0

2919.820 -3268.030 0.000 2 1 2 C 0 0

3508.135 -3189.167 0.000 3 1 3 C 0 0

3845.091 -3383.708 0.000 4 1 4 O 0 0

4338.879 -3170.766 0.000 5 1 5 C 0 0

3792.951 -3551.697 0.000 6 1 6 C 0 0

4311.380 -3218.397 0.000 7 1 7 C 0 0

3448.276 -3352.697 0.000 8 1 8 C 0 0

4668.772 -3361.229 0.000 9 1 9 O 0 0

3792.952 -3809.976 0.000 10 1 10 H 0 0

4395.782 -3638.371 0.000 11 1 11 O 0 0

3508.136 -2914.138 0.000 12 1 12 H 0 0

3155.890 -3011.782 0.000 13 1 13 C 0 0

3231.353 -3569.622 0.000 14 1 14 O 0 0

3448.277 -3005.610 0.000 15 1 15 H 0 0

4338.880 -2954.756 0.000 16 1 16 H 0 0

4467.384 -3244.958 0.000 17 1 17 C 0 0

4926.757 -3212.282 0.000 18 1 18 C 0 0

2 1 0 0 0

1 3 0 0 0

3 4 0 0 0

4 5 0 0 0

5 6 0 0 0

5 7 0 0 0

6 8 0 0 0

8 1 0 0 0

5 9 0 0 0

6 10 0 0 0

6 11 0 0 0

3 12 0 0 0

3 13 0 0 0

8 14 0 0 0

8 15 0 0 0

5 16 0 0 0

5 17 0 0 0

9 18 0 0 0

#pseudo_bond 0

#atom_label 9

4

1

3767.875 -3314.400 3924.125 -3469.240

3783.500 -3399.333 0.000 0.000

10.41 0

1 0

O

1

1 3845.000 -3383.000 0

9

1

4590.875 -3292.400 4747.125 -3447.240

4606.500 -3377.333 0.000 0.000

10.41 0

1 0

O

1

1 4668.000 -3361.000 0

10

1

3721.750 -3740.400 3864.250 -3895.240

3736.000 -3825.333 0.000 0.000

10.41 0

1 0

H

1

1 3792.000 -3809.000 0

11

1

4317.875 -3569.400 4588.125 -3724.240

4333.500 -3654.333 0.000 0.000

10.41 0

1 0

OH

1

1 4395.000 -3638.000 0

12

1

3437.750 -2845.400 3580.250 -3000.240

3452.000 -2930.333 0.000 0.000

10.41 0

1 0

H

1

1 3508.000 -2914.000 0

13

1

2649.250 -2946.300 3194.750 -3121.680

2657.000 -3029.500 0.000 0.000

10.41 0

1 0

HOCH2

1 4 81

3 3155.000 -3011.000 0

14

1

3039.875 -3500.400 3310.125 -3655.240

3055.500 -3585.333 0.000 0.000

10.41 0

1 0

HO

1

3 3231.000 -3569.000 0

15

1

3377.750 -2936.400 3520.250 -3091.240

3392.000 -3021.333 0.000 0.000

10.41 0

1 0

H

1

1 3448.000 -3005.000 0

16

1

4267.750 -2885.400 4410.250 -3040.240

4282.000 -2970.333 0.000 0.000

10.41 0

1 0

H

1

1 4338.000 -2954.000 0

end

2

1121.465 -3352.600 1518.320 -3939.650

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 3 2

1251.692 -3528.690 0.000 1 1 1 C 0 0

1465.910 -3405.010 0.000 2 1 2 C 0 0

1251.693 -3801.747 0.000 3 1 3 O 0 0

2 1 0 0 0

1 3 2 0 0

#pseudo_bond 0

#atom_label 2

1

1

1180.750 -3459.400 1323.250 -3614.240

1195.000 -3544.333 0.000 0.000

10.41 0

1 0

C

1

3 1251.000 -3528.000 0

3

1

1173.875 -3732.400 1330.125 -3887.240

1189.500 -3817.333 0.000 0.000

10.41 0

1 0

O

1

1 1251.000 -3801.000 0

end

2

145.840 -3423.890 1237.320 -3704.090

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 2 1

985.800 -3541.011 0.000 1 1 1 C 0 0

1184.910 -3541.010 0.000 2 1 2 C 0 0

2 1 0 0 0

#pseudo_bond 0

#atom_label 1

1

1

198.250 -3476.300 1024.750 -3651.680

206.000 -3559.500 0.000 0.000

10.41 0

1 0

CH3(CH2)14

1 2 81 3 1 6 81 7 1 8 81

3 985.000 -3541.000 0

end

2

4751.589 -2960.516 5130.792 -3432.243

0.000 0.000 0.000 0.000

10.41 0

#version 210

MOL 2 1

5031.471 -3352.749 0.000 1 1 1 C 0 0

4850.910 -3040.010 0.000 2 1 2 C 0 0

2 1 -7 0 0

#pseudo_bond 0

#atom_label 0

end

@End@ Chemistry-4D-Draw

 




