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A new method in time-of-flight secondary ion mass spectrometry (TOF-SIMS) imaging, the drop-

let-enhanced method, was developed for the molecular analysis of biomaterials. To facilitate the ionization 
of biomolecules, a small amount of aqueous solution containing sodium salt or an acid as ioniza-
tion-enhancing agents was dropped onto peptide samples before TOF-SIMS measurement. Using this 
method, we have successfully obtained strong molecular secondary ion signals from molecular weight 
(MW) < 7649 peptide samples while maintaining their natural distribution. This method enables to visual-
ize dot-patterned 20 amol insulin (MW 5733) with our bubble jet (BJ) printing technology. We also dem-
onstrated the visualization of dot-patterned digested protein distribution with the BJ printing technology. 
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Fig. 1. Positive ion ToF-SIMS spectrum and ion image of YYYYCYYYYY peptide after enhancing treatment using Na2Co3 aq. 
droplet. 
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Fig. 2. Positive ion ToF-SIMS mass spectrum of (a) Insulin Growth Factor-I and (b) Insulin from thin film sample after enhancing 
treatment using TFA droplet. 
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Table 1 Detection of various peptide after Na2CO3/TAF aqueous droplet treating.  
 

Peptide name Molecular weight Na2CO3 enhancing TFA enhancing 

Morphiceptine 521 h i 

Synthetic polypeptide 
[YYYYCYYYYY] 

1589 h i 

Insulin A chain 2531 � h 

Insulin B chain, oxide 3496 � i 

Gastric inhibitory polypeptide 4983 � h 

Insulin 5733 � h 

Insulin growth factor-I 7649 � i 

Ubiquitin 8565 � � 

Cutochromec 12327 � � 

            h: very good, i: good, �: not detected 
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Fig. 3. (a) Expansion of mass spectrum of in vicinity of 
[YYYYCYYYYY+Na]+ at Fig. 1(a). (b) Calculated 
spectrum from molecular structural fomula of 
[YYYYCYYYYY+Na(=C84H88N10O20SNa)]+.   
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Fig. 4. Scheme of bubble jet printer head system.  
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Fig. 5. Ion images of three peptides sampling with a multi-head bubble jet printing. The number of each peptide molecules were 
0.2~2 fmol in one BJ dot. 
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Fig. 6. TOF-SIMS images from the Insulin BJ dot sample. 
(a) [M+2H]2+, (b) [M+H]+, (c) the sum of [M+2H]2+ and 
[M;H]+, and (d) total ion. The number of insulin molecules 
was about 0.2 fmol in one BJ dot and the diameter was 
about 30 �m. 
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Fig. 7. TOF-SIMS imaging from BJ dot digested HAS film sample. (a) optical microscope image of the sample. (b) Ion images 
correspond to the representative digested fragment peptide ion peaks from HAS. (c) Gathered ion image of all digested fragment 
peptide ion images. (d) Ion images of non-digested material (siloxane molecule and gold) ion images.  
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