
Distinguishing lactose and lactulose in the gas phase by complexation 
with sodiated L-Arginine by IRMPD and DFT methods
Min Kou, Young-Ho Oh, Sungyul Lee, Xianglei Kong

Table S1. Calculated harmonic frequencies for lactose/ArgNa+ in Figure 4 (a)

.

Table S2. Calculated harmonic frequencies for lactulose/ArgNa+ in Figure 4 (b).
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Figure S1 Tandem mass spectra of [lactose/ArgNa]+ and [lactulose/ArgNa]+, obtained with the method of (a, b) 
CID, (c, d) IRMPD at 3490 cm-1 and (e, f) IRMPD at 3700 cm-1, respectively.



Figure S2. Calculated IR spectrum, structure and harmonic frequencies for the most stable lactulose/ArgNa+ in 
the gas phase.



Figure S3. Comparison of experimental IRMPD and calculated IR spectra for (a) lactose/ArgNa+ and (b) 
lactulose/ArgNa+ complexes.



Cartesian Coordinates

Figure 5 (a)

O 1.2627460000 -1.6830590000 0.8372550000 
O 2.5128390000 -0.4258080000 -0.5927420000 
O -2.3530560000 -2.1109990000 0.8036190000 
O 0.7137570000 -2.1369150000 -1.9414350000 
O 2.7048640000 -0.6777390000 3.0481150000 
O 5.1867930000 0.5161210000 2.4058680000 
O 5.4276230000 -0.2857970000 -0.1696640000 
O -1.5896910000 -3.6952420000 -2.3901520000 
O -3.7759380000 -2.9436740000 -0.7421300000 
O -2.1573800000 -1.1613760000 3.3823910000 
O 2.7318940000 0.6573610000 -3.1229820000 
C -0.0492260000 -1.6452220000 0.2938860000 
C -0.1152580000 -2.6024700000 -0.8933030000 
C 2.0151810000 -0.5125670000 0.7340430000 
C -1.0564810000 -2.0285730000 1.3785730000 
C 3.1704510000 -0.6237290000 1.7137820000 
C 4.0432020000 0.6134620000 1.5903810000 
C 4.5361200000 0.7562230000 0.1537940000 
C -1.5375570000 -2.6972560000 -1.4097800000 
C 3.3600140000 0.7113480000 -0.8186830000 
C -2.4734360000 -3.0414470000 -0.2535740000 
C -1.1156930000 -0.9505030000 2.4517460000 
C 3.8597310000 0.6040720000 -2.2431180000 
H -0.2900540000 -0.6274610000 -0.0490140000 
H 0.2117600000 -3.6004650000 -0.5734040000 
H 1.3954550000 0.3714830000 0.9440030000 
H -0.7789600000 -3.0007120000 1.8142990000 
H 3.7591330000 -1.5109370000 1.4569110000 
H 3.4449190000 1.4951860000 1.8610810000 
H 5.0285010000 1.7320000000 0.0485750000 
H 2.7528190000 1.6179080000 -0.6976600000 
H -1.8372750000 -1.7143030000 -1.8060020000 
H -2.2574470000 -4.0553220000 0.1119280000 
H -1.3377940000 0.0009430000 1.9593670000 
H -0.1381730000 -0.8591210000 2.9350160000 
H 4.3992850000 -0.3366520000 -2.3659430000 
H 4.5371560000 1.4392310000 -2.4421950000 
H 1.6309040000 -2.1806260000 -1.6367020000 
H 2.4238280000 -1.5768220000 3.2382920000 
H 4.9054460000 0.2899480000 3.2991160000 
H 6.0798980000 -0.3381200000 0.5394560000 
H -2.4749850000 -3.7117340000 -2.7677230000 
H -4.3744470000 -3.4867520000 -0.2196640000 
H -1.8890720000 -1.8110490000 4.0375210000 
H 3.0432120000 0.6131980000 -4.0307970000 
C -1.2086690000 3.5047470000 -1.0824540000 
C -1.0916320000 4.0436680000 0.3543830000 
C -1.5644460000 3.1487780000 1.5077670000 
C -3.0689850000 2.8864140000 1.5997140000 
N -3.5502250000 2.0943970000 0.4739160000 
C -3.7705700000 0.7889320000 0.4549520000 
N -4.0636250000 0.0867050000 1.5604520000 
N -3.7580390000 0.1626140000 -0.7290110000 
H -3.4243210000 2.5742280000 -0.4417650000 
H -4.1075700000 0.5499740000 2.4532090000 
H -3.7735930000 -0.8849290000 1.5882870000 



H -3.9730010000 -0.8266050000 -0.7563930000 
H -3.1238360000 0.5410520000 -1.4326780000 
H -0.5073910000 4.0913130000 -1.6909400000 
H -0.0345720000 4.2530810000 0.5261410000 
H -1.6114440000 5.0077850000 0.3997850000 
H -1.0322940000 2.1932540000 1.4589950000 
H -1.2617500000 3.6286190000 2.4431930000 
H -3.2957350000 2.3831990000 2.5403640000 
H -3.6231060000 3.8285040000 1.6051390000 
N -2.5744800000 3.6126730000 -1.6130350000 
H -2.8318640000 4.5865940000 -1.7382420000 
H -2.6177890000 3.1595690000 -2.5216260000 
C -0.6977660000 2.0623620000 -1.2155510000 
O 0.3977050000 1.7913350000 -0.6766360000 
O -1.3603850000 1.2468620000 -1.9189500000 
Na 0.6895200000 0.1483470000 -2.2923630000 

Figure 5 (b)

O 0.4532920000 -2.0927040000 -0.2641550000 
O 3.1252880000 -0.8102360000 0.4655330000 
O -1.4333460000 -0.9769130000 -0.9273950000 
O 1.3621100000 0.6762730000 -2.2022790000 
O 3.8995320000 0.5281520000 -1.2054970000 
O -1.0606930000 -4.4962590000 0.1639940000 
O -3.5323870000 -3.6313390000 1.4907740000 
O -2.9568270000 -0.9367570000 1.4034780000 
O 5.1815670000 -2.1648350000 -0.8174750000 
O 3.8061840000 1.5456060000 1.6473800000 
O -3.0257710000 0.8353290000 -2.5168200000 
C 1.4942700000 -1.5204740000 -1.0546580000 
C 1.5090200000 0.0255790000 -0.9647000000 
C 2.8019300000 -1.9353210000 -0.3728200000 
C 2.8567450000 0.3557260000 -0.2726360000 
C -0.8238560000 -2.2611420000 -0.7704070000 
C -1.5100240000 -3.1665360000 0.2725810000 
C -3.0282520000 -3.0836640000 0.2966280000 
C -3.4492700000 -1.6253710000 0.2591960000 
C -2.8703260000 -0.9883340000 -0.9908210000 
C 3.9095420000 -2.2885460000 -1.3798930000 
C 2.8108580000 1.5787850000 0.6458900000 
C -3.3608340000 0.4272020000 -1.2017270000 
H 1.4189100000 -1.8698300000 -2.0910790000 
H 0.7038300000 0.3222850000 -0.2845170000 
H 2.6400000000 -2.7732760000 0.3045970000 
H -0.7912120000 -2.7553610000 -1.7569930000 
H -1.1634270000 -2.8304760000 1.2517540000 
H -3.4558140000 -3.5952400000 -0.5789970000 
H -4.5422960000 -1.5648410000 0.2218360000 
H -3.1887650000 -1.5883210000 -1.8566410000 
H 3.8124230000 -1.6850580000 -2.2884290000 
H 3.7765340000 -3.3368610000 -1.6590410000 
H 1.8456290000 1.6424520000 1.1487270000 
H 2.8908150000 2.4701800000 0.0213330000 
H -2.9118280000 1.0990560000 -0.4663670000 
H -4.4471810000 0.4406250000 -1.0691270000 
H 1.1886470000 1.6475640000 -1.9207950000 
H 3.5185650000 0.8514910000 -2.0337670000 
H -1.3574220000 -4.8801840000 -0.6682960000 



H -3.1464880000 -4.5030090000 1.6340450000 
H -3.3054880000 -1.4085120000 2.1718430000 
H 5.3352830000 -1.2244800000 -0.6732800000 
H 4.6729010000 1.6195910000 1.2354290000 
H -2.7942990000 1.7778770000 -2.4633020000 
O 0.7696890000 2.8292570000 -1.0291590000 
O -1.1316170000 2.6177260000 -2.1544520000 
N -2.5615600000 4.0493110000 -0.4320380000 
N 0.1460680000 1.3618590000 3.3026400000 
N 2.0159290000 -0.0052740000 3.1499720000 
N 0.0306260000 -0.6430170000 2.1642250000 
C -0.8266910000 3.5552640000 1.2420530000 
C -1.4576420000 2.2008480000 1.5580780000 
C -1.1207980000 4.0130800000 -0.1957060000 
C -1.2424720000 1.7283940000 2.9955800000 
C -0.4479480000 3.0807690000 -1.2099740000 
C 0.7302180000 0.2474640000 2.8645520000 
H 0.2583870000 3.5246890000 1.3725030000 
H -1.2214330000 4.3087950000 1.9333680000 
H -2.5358380000 2.2616420000 1.3932270000 
H -1.0788860000 1.4463150000 0.8557430000 
H -0.6328920000 4.9877050000 -0.3376580000 
H -1.5160150000 2.5154380000 3.6993710000 
H -1.8829220000 0.8712740000 3.2209430000 
H -2.7395700000 4.2123140000 -1.4173260000 
H -2.9825300000 4.8175870000 0.0806050000 
H 2.6042830000 0.7791690000 3.4058970000 
H 2.5087050000 -0.6275090000 2.5118510000 
H 0.5197390000 -1.3727200000 1.6586370000 
H -0.9265250000 -0.4730590000 1.8642240000 
H 0.7089410000 1.9959860000 3.8497220000 
Na -0.7911980000 0.5552570000 -2.9383950000 

Figure S2 

O -1.5639800000 1.4524520000 1.1447130000 
O 1.8080610000 2.4970240000 0.5305800000 
O -2.6441810000 0.2632530000 -0.4794110000 
O -0.8682170000 2.1866820000 -1.7932770000 
O 1.8386370000 2.0124030000 -1.7283340000 
O -3.0412210000 0.1421380000 3.1588570000 
O -5.3998220000 -1.1324560000 2.2716220000 
O -5.5646570000 -0.1157830000 -0.2290270000 
O 2.5338860000 1.5324730000 3.0324720000 
O 2.9899970000 4.4155450000 -1.3297690000 
O -2.6994900000 -0.6058920000 -3.1170850000 
C -0.3010950000 1.5669480000 0.5299900000 
C -0.2550380000 2.5960530000 -0.5900690000 
C 0.7845750000 2.1199480000 1.4412670000 
C 1.2619440000 2.8210020000 -0.7650880000 
C -2.2303910000 0.2569010000 0.8838970000 
C -3.4358320000 0.1963460000 1.8052060000 
C -4.2106690000 -1.0777140000 1.5206950000 
C -4.6164800000 -1.1187430000 0.0521460000 
C -3.4018590000 -0.9009270000 -0.8487010000 
C 1.3198080000 1.1079130000 2.4315920000 
C 1.6131030000 4.2542900000 -1.1355610000 
C -3.8564750000 -0.7002510000 -2.2788310000 
H 0.0292740000 0.5851950000 0.1600160000 



H -0.7173220000 3.5220840000 -0.2263110000 
H 0.4053700000 3.0060020000 1.9735850000 
H -1.5619590000 -0.6025190000 1.0457960000 
H -4.0713730000 1.0654660000 1.6020470000 
H -3.5657720000 -1.9386080000 1.7475720000 
H -5.0282060000 -2.1123410000 -0.1694530000 
H -2.7401160000 -1.7764370000 -0.7795700000 
H 1.5550110000 0.1762180000 1.9092220000 
H 0.5548960000 0.8949110000 3.1860990000 
H 1.3204450000 4.9150340000 -0.3172620000 
H 1.0354400000 4.5198160000 -2.0309620000 
H -4.4523540000 0.2116520000 -2.3417260000 
H -4.4704350000 -1.5552610000 -2.5745610000 
H -1.8238140000 2.2328710000 -1.6577580000 
H 1.6101100000 1.0711210000 -1.6145110000 
H -2.7274970000 1.0105790000 3.4266860000 
H -5.1849950000 -0.9640790000 3.1958330000 
H -6.2486540000 -0.1676130000 0.4499490000 
H 2.4366650000 2.4092440000 3.4168420000 
H 3.2635420000 3.7967160000 -2.0148060000 
H -2.9797380000 -0.5235020000 -4.0324020000 
C 1.6965150000 -3.0868790000 -1.4745330000 
C 1.7166780000 -4.0029540000 -0.2435030000 
C 2.3365810000 -3.4696180000 1.0537810000 
C 3.8430150000 -3.1884370000 1.0110560000 
N 4.1497830000 -1.9263440000 0.3408590000 
C 4.0151990000 -0.7361790000 0.9229770000 
N 4.1642860000 -0.5912150000 2.2431000000 
N 3.7447910000 0.3302160000 0.1701090000 
H 3.9582030000 -1.9897610000 -0.6717770000 
H 4.5521710000 -1.3336350000 2.7985180000 
H 3.8992190000 0.2795180000 2.6953270000 
H 3.5845010000 1.2428660000 0.5841730000 
H 3.3065210000 0.1699090000 -0.7302910000 
H 1.0423490000 -3.5815840000 -2.2065660000 
H 0.6782410000 -4.2651550000 -0.0328350000 
H 2.2231190000 -4.9333430000 -0.5253820000 
H 1.8128970000 -2.5612770000 1.3759740000 
H 2.1568670000 -4.2195080000 1.8293120000 
H 4.2619710000 -3.1895570000 2.0176850000 
H 4.3675730000 -3.9737500000 0.4631990000 
N 3.0342480000 -2.8617470000 -2.0356100000 
H 3.4019900000 -3.7255170000 -2.4226590000 
H 2.9732840000 -2.1869640000 -2.7926840000 
C 0.9875320000 -1.7508530000 -1.2128560000 
O -0.1383730000 -1.7808070000 -0.6783710000 
O 1.5335950000 -0.6931900000 -1.6575120000 
Na -0.7623380000 -0.0797240000 -2.1263620000 


