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TIM E-O F-FLIG H TSEC O N D ARY  IO N M ASS SPECTRO M ETRY

O ctober IO, 1996


RE: Invoice #: 96-1857

Problem  #: 24-139

PO  #: to be received


Purpose: To determ ine w hether a dye penetrant is present on one (1) failed m etal surface

A nalytical conditions:


Instrum ent

Prim ary ion beam  

Prim ary beam  voltage

N om inal analysis region


C harge neutralization

Post acceleration

C ontrast diaphragm

Energy slit


G un aperture

Physical Electronics, PH I-Evans TFS-2000

15 kV bunched


(240 pm )’ - m etal failure, (80 pm )’ - dye penetrants

no


8000 v


0


no

2


G a+liquid m etal ion gun

69 

Experim ental:


The as-received failed m etal surface w as loaded into the spectrom eter as a single sam ple

and analyzed before the analysis of the control dyes, thus preventing any possibility of cross

contam ination. Positive TO F-SIM S spectra w ere acquired at five locations w hich w ere

referenced to the “origin” show n in the enclosed photograph. Thin film s of the dye penetrants

w ere prepared by placing a drop of the liquid on a silver sheet (previously etched w ith nitric acid)

and blotting the excessw ith  a K im -w ipetissue. Positive and negative TO F-SIM S spectra w ere


acquired on both dye penetrants.

Typical prim ary ion doses w ere on the order of I 0’’ ions/cm ’ for the analyses. This

assures that the data w ere collected w ithin the static lim it, Le., less than 1%  of a m onolayer w as

sputtered. Thus, all m olecular fragm ents are indicative of species existing on the surfaces prior

to analysis. (U nder these conditions, the sam pling depth of TO F-SIM S is 1m onolayer for

m olecular fragm ent ions and 1-3 m onolayers for atom ic species.). M ass spectra are plotted as the

num ber of secondary ions detected (Y -axis) versus the m ass-to-charge ratio of the ions (X -axis).




R esults:

P-4IH 1, C lass I D ye Penetrant. The M SD S for this liquid indicates it contains:

dipropylene glycol dibenzoate: octyl epoxy tallate w hich is m ost likely a beta ester of octanol

w ith the ester chain m ade from  stearic, oleic, linoleic and linolenic acids; and epoxidized

soybean oil w hich w ould be a deriiativeof triglycerides of stearic, oleic, linoleic, and linolenic

acids. The approxim ate m olecular w eight for these three m aterials w ould be 326.15, ~ 4 1 2 , and

4 9 0 am u, respectively. B ecause the last tw o m aterials are derivatives of natural products w e

expect to see a distribution of m olecular w eights. A s you can see from  figures 1-2, this liquid

contains H , C , 0 , and Si.A lthough  (CH ,),Si fragm ents w ere detected, the actual silicone could

not be determ ined. H ow ever. it does not appear to polydim ethyl siloxane. The m ost unique

feature of the positive m ass spectrum  is the series of peaks betw een 350 and 450 d z . These

clusters are separated by 14 d z  indicating chain lengthening by CH ,. The best assignm ent for


these ions are parent ions or fragm ents of octyl epoxy tallate. There is no evidence in either the


positive or negative TO F-SIM S spectra for either the dipropylene glycol dibenzoate or the

epoxidized soybean oil. Thus the best tags for this dye penetrant are the positive ions betw een

350 and 450 m iz. N ote that several peaks such as 325, 343, 517, 575,633, and 647 in the positive

spectrum  and 261,409,419,433. 517, and 591 in the negative spectrum  could not be identified.

These ions are com m on to both class 1 (figures 1-2) and class 2 (figures (7-8) dye penetrants but


are not found on the control silver sheet (figures 10-1 1). These peaks m ight be due to the

solvents since they are the only ingredient com m on to both dye penetrants.

P-6U H 2, C ~uss 2 D ye Penerrunr. The M SD S for this liquid indicates it contains isodecyl

biphenyl phosphate w hich w ould have a m olecular w eight of 390.20 m u .Figures 8-9 indicate

this liquid contains H . C , 0 . Si. and P. The positive ions at 391.2 and 251.05m /z are the

protonated phosphate, and the protonated phosphate m inus the isodecyl chain, respectively. B oth


of these ions are very intense and w ould be excellent tags for the dye penetrant. N egative ions at

249.0 and 285.1 are the deprotonated phosphate m inus the isodecyl chain and one phenyl group,

respectively. N egative ions at 361 2 . 377.2 and 389.2 are the phosphate m inus C,H ,, CH, and H ,


respectively, and the negative ion at 391.2 is the protonated phosphate. A ll six peaks are unique

to the dye and could be used as tags in negative TO F-SIM S spectra. A s noted above there are

several positive and negative ions w hich are assum ed to be solvent residues. Sim ilar to the class

I dye. the specific identity of the siloxane could not be determ ined.

M etal Failure SurfuceA. Four (O rigin 1-3 and Inboard) of the five region exam ined on the

m etal failure surface w ere nearly identical. These regions contained N a. Ti, polydim ethyl

siloxane. and polyethylene glycol, see Figures 3-6. The “A ft” region is sim ilar but contains

additional species due to fluorocarbons (69, 100,and 169 dz), C,, and C,, am ines (522 and 550

d z ). and w hat appears to be an am ide of behenic acid (338 m iz).

W hile the spectra from  the m etal failure surface are rich w ith structure, it is not clear

w hether the failure surface contains the P-41H 1 dye penetrant. This is best show n in figures A -B

w here the top panel presents the positive spectrum  of the pure dye from  350 to 450 d z  and the

low er panels present the corresponding spectra for the m etal failure surfaces. The difficulty in



m aking a definitive statem ent lies in the interferencecreated by fragm ents of polyethylene glycol


(PEG ) w hich gives a series of strong peaks at 331,375,419,463, 507,551, 595,639 and 683

due to (C,H ,O ),N a' w here x ranges fiom  7 to 15, and m any m inor peaks betw een each of the

large peaks. A  close exam ination of each PEG  series show s m inor peaks at -H 2,-H , and -H 6,each


decreasing in intensity relative to the parent (C,H ,O ),N a+ peaks. The parent at 419 m inus H,


gives a peak at the sam e nom inal m ass as octyl epoxy tallate plus hydrogen, it.413 d z .  The

intensity of the 4 13 peak relative to the 4 19peak is how ever larger than the corresponding ratios

of the m inus H , peaks relative to the m ain (C,H ,O ),N a+ peaks. This suggests that octyl epoxy

tallate m ight be present. C onfirm ation w ould require an exact m ass m easurem ent. U nfortunately

due to the relatively large raster used and the surface roughness, the m ass resolution in these

spectra is not sufficient to m ake the distinction betw een PEG  fragm ents and octyl epoxy tallate

from  the P-41H 1 dye penetrant.

C onclusions:


The best tag for P-41H 1, class 1 dye penetrant appears to be the octyl epoxy tallate

com ponent w hich gives a series of peaks betw een 350 and 450 m /z in the positive TO F-SIM S

spectra. W hile these peaks could be present on the m etal failure surface, an unam biguous

identification could not be m ade. The m ajor com plication is caused by interferences caused by


polyethylene glycol (PEG ) fragm ents w hich can only be resolved from  octyl epoxy tallate if the

m ass resolution is around 8,000 W A M . D ue to surface roughness and relatively large (240 pm )'


analysis areas, the m ass resolution is only around 3,000. There are tw o w ays in w hich the

analysis could be im proved: (1) obtain TO F-SIM S spectra from  m uch sm aller areas (around 40

pm )' w hile selecting areas w hich are a flat as possible, and (2) attem pt to rem ove the PEG  w ith a


suitable w ashing m ethods prior to analysis.

If you have any questions after you have exam ined the data, please feel free to contact m e


or M ark N icholas at (609) 799-1904. Thank you for choosing Evans East.
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FILE NAKE: ;i.:;.bdpl DATE : 3 Oct 96 11:30 ACQUISITION TIME: 15.0 MIN. SPECTRUM INTEGRAL 7474.205 

Inboard (30.5 rnm i.::board tro::n origin, 5.3 rnm forward fra.'"D o:d.gin; cdo, ne es, ga2, paBK, dv1500, l5b 

+ IONS PRIY.AR.Y GUN: LMIG TIME RECOP..DER: Multi-Stop TDC X-Y SOURCE: Raster TIME PER C:-iiW'XEL: 138 ps 

DATA SET: 1 Spectra; 9 I::nage(s) RASTER TYPE: 242 
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EVANS EAST 
666 Plai~sboro Road, S~ite 1236 
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FILE NkME: re£2.:::1 3 oct 96 14:59 ACQUISITION TIME: 15.0 Mil\'. SPECTRUM I!\'TEG?...H.L : 64790:21 

refere::::.ce, class 2 dye pe::::.e:::ra:::::, P-60E2; cdO, =::e es, ga2, pa8K, dv1500, 15b 

- IONS PP...Ix;.RY GUN: LKIG TIME: RECORDER: Multi-Stop TDC X-Y SOURC2: P..aster TI!0:2 PER. CHAR!I:"EL: 138 ps 

D;.TA SET: 1 Spectri>l; 1 I:r.a.ge(s) PASTER SIZE: RASTER TYPE: 81 
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FILE NAME: agcntrlp DATE 10 Oct 96 7:59 ACQUISITION TIME: 2.2 MIN. SPECTRUM Il\"TEGRAL 9509829 

Control silver sb.eet,; cdO, no ec, ga.2, >W '. dvBK, P" gy 

+ iVNS PRI~Y GUN: LMIG TIME RECORDER: Mul t~ -Stop TDC X- Y SOfJRCE: Raster TIME PER C.'iANNEL: 138 ps 

DATA SET: 1 Spectra; 0 Image(s) RASTER SIZE: 81~-tm Rt'l.STER TYPE: 81 

FIGURE 



FILE NJL.'\f.E; agcnt:::l:n DATE :o oct 96 8:07 ACQUISITION TI."''E: 2.1 MIS. SPECTRUM I~~EGPAL 607750? 

Control s.:.lver sheet,· cdl, no es, ga2, aw 4, dv8K, pa 81 

- IONS PRI."'.ARY GU::: L'1IG TIME P..ECORDER: Mult.:.-St:op TDC X-Y SOURCE: P...aster TIME PER CHAb'NEI..: 13 8 ps 

D.J:l.TA SET: 1 Spec::.ra: 0 Image(si RASTER SIZE: Blum RASTER TYPE: 81 
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