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Abstract:  10 

In order to suppress or eliminate the spurious peaks and improve signal-to-noise ratio (SNR) 11 

of Hadamard transform ion mobility spectrometry (HT-IMS), a normal-inverse bimodule 12 

operation Hadamard transform - ion mobility spectrometry (NIBOHT-IMS) technique was 13 

developed. In this novel technique, a normal and inverse pseudo random binary sequence (PRBS) 14 

was produced in sequential order by an ion gate controller and utilized to control the ion gate of 15 

IMS, and then the normal HT-IMS mobility spectrum and the inverse HT-IMS mobility spectrum 16 

were obtained. A NIBOHT-IMS mobility spectrum was gained by subtracting the inverse HT-IMS 17 

mobility spectrum from normal HT-IMS mobility spectrum. Experimental results demonstrate that 18 

the NIBOHT-IMS technique can significantly suppress or eliminate the spurious peaks, and 19 

enhance the SNR by measuring the reactant ions. Furthermore, the gas CHCl3 and CH2Br2 were 20 

measured for evaluating the capability of detecting real sample. The results show that the 21 

NIBOHT-IMS technique is able to eliminate the spurious peaks and improve the SNR notably not 22 

only for the detection of larger ion signals but also for the detection of small ion signals. 23 

Keywords: Ion mobility spectrometry, Hadamard transform, Signal-to-noise ratio; Spurious peaks. 24 
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1. Introduction 25 

Ion mobility spectrometry (IMS) is an analytical technology which has been used to analyze 26 

and detect trace chemical compounds, such as narcotics [1], explosives [2, 3], chemical warfare 27 

agents [4-6], haloalkanes [7-9] and organic acids [10] due to its ambient pressure working 28 

condition, high sensitivity, and real time monitoring capability. During a traditional IMS 29 

experiment, ions which are generated in the reaction region are introduced into the drift tube under 30 

the action of the ion gate pulse. Once the ion packet reaches the end of the drift tube and is 31 

detected, and then the next gating event is admitted. The detected ions create ion current signal 32 

and then is amplified. The output of the amplified ion signal is synchronized with the ion gate 33 

pulse, yielding a mobility spectrum, i.e., a plot of ion current versus time.  34 

Typically, each gate pulse is often small (~200 µs) compared to that of one total period time 35 

(~30ms) in the IMS measurement. Because of this pulsing nature, IMS suffers from a low duty 36 

cycle (less than 1%), which restricts the signal level as well as the sensitivity of IMS. In order to 37 

overcome this problem and to increase the sensitivity of IMS, The technique of Hadamard 38 

transform ion mobility spectrometry (HT-IMS) has been developed by Clowers et al. and Szumlas 39 

et al. at almost the same time [11, 12]. The duty cycle of the HT-IMS was increased to 50% and 40 

the signal to noise ratio (SNR) was attained to a 2-10 fold enhancement in comparison to those of 41 

the traditional IMS. 42 

However, some spurious peaks are always presented in the mobility spectra of HT-IMS as 43 

well as the data of other multiplexing techniques [11-17]. Such unwanted peaks may lead to some 44 

confusing results for the detection and also increase the baseline of spectra. Moreover, the 45 

intensity of the ion signal is also reduced using the Hadamard multiplexing technique [13]. As a 46 
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result, the SNR suffers from a loss and is lower than the theoretical value [11]. 47 

The modulation defects were confirmed as the main reasons for the spurious peaks and the 48 

degraded signal intensity when the Hadamard multiplexing technique is used [17]. In the case of 49 

HT-IMS, imperfect ion packets of the multiplexed data and the depletion of ions in the region 50 

prior to the Bradbury-Nielson gate (BNG) lead to the fluctuation of ion intensity and the existence 51 

of the spurious peaks when employing a BNG. The effect of modulation defects due to imperfect 52 

gating was minimized by discarding part of the multiplexed ion signal [11]. Moreover, a flexible 53 

“digital multiplexing” method has been developed by Kwasnik et al. The duty cycle was variable 54 

from 0.5% to 50% and the SNR was increased to 2~7 folds using this technique. The spurious 55 

peaks were also reduced or eliminated [14]. Prost et al. have developed an algorithm to identify 56 

and remove the data artifacts, i.e. spurious peaks. Following application of this method, the 57 

spurious peaks were avoided and the sensitivity was increased in the experiment of ion mobility 58 

spectrometry-mass spectrometry (IMS-MS) [13]. Additionally, Puton et al. have reported that the 59 

shapes of ion swarms on the beginning of drift region may lead to the peak deformation and 60 

generates the spurious peaks. The fluctuations of the baseline also make the contribution to those 61 

spurious peaks [18, 19]. Our group also focuses on the study of Hadamard multiplexing technique 62 

[15, 16, 20, 21]and has developed an inverse Hadamard transform ion mobility spectrometry 63 

(IHT-IMS) technique. With this IHT-IMS technique, the spurious peaks were identified rapidly 64 

[15].  65 

In this study, a normal-inverse bimodule operation Hadamard transform - ion mobility 66 

spectrometry (NIBOHT-IMS) technique is reported. In this method, a normal and an inverse 67 

pseudo random binary sequence (PRBS) was produced in sequential order by an ion gate 68 
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controller and utilized to control the ion gate of IMS, respectively, and then the normal HT-IMS 69 

mobility spectrum and the inverse HT-IMS mobility spectrum were obtained. A NIBOHT-IMS 70 

mobility spectrum was gained by subtracting the inverse HT-IMS mobility spectrum from normal 71 

HT-IMS mobility spectrum. With the application of the NIBOHT-IMS technique, the spurious 72 

peaks are reduced or almost eliminated. Furthermore, the ion signal intensity and the SNR are 73 

enhanced notably. 74 

2. Experimental section 75 

The homemade atmospheric pressure corona discharge ion mobility spectrometry (APCD- 76 

-IMS) with the function of NIBOHT-IMS is demonstrated schematically in Fig. 1. The detailed 77 

description about the APCD- -IMS was shown in our previous work [22]. Briefly, it consists of the 78 

ionization region, the reaction region, the Bradbury-Nielson ion gate, and the drift region and data 79 

acquisition unit. 80 

In the ionization region, the discharge electrodes with the geometry of point to plate were 81 

installed coaxially and located at the top of the IMS tube. The reactant ions were generated in this 82 

region by means of negative corona discharge through dried air and dragged into the reaction 83 

region. Both the reaction and drift regions consist of metal guards which were insulated from each 84 

other using Teflon rings. The high voltage through an electric resistance network on the metal 85 

rings generated a weak homogeneous electric field along the central axis of the drift tube. At the 86 

interface between the reaction and drift region, a BNG ion gate is installed and works under the 87 

control of an ion gate controller. When the ion gate is opened for a short time, the product ions and 88 

the reactant ions swarm into the drift region and drift toward a Faraday plate under the function of 89 

the applied homogeneous electric field. And then, the current signal will be generated by 90 
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collecting the ions with a Faraday plate and amplified by a current amplifier (Keithley 428). After 91 

that, it is fed into the computer data processing unit (DPU). The IMS works under the negative 92 

detection mode and all the experiments are performed under the condition of 295 K and ambient 93 

pressure. The relative humidity in the lab is about 43%.  94 

3. The principle of the IIMS, the HT-IMS, the IHT-IMS and the 95 

NIBOHT-IMS 96 

IIMS 97 

Tabrizchi and Jazan have introduced Inverse IMS (IIMS) in 2010 [23]. In this method, an 98 

inverse pulse was applied to the ion gate, which means the ion gate is opened for a long duration 99 

and closed for a short period. Thus, the gate of the IIMS introduces "a dip" into a continuous ion 100 

beam instead of ion bundles, so that a 1% duty cycle electronic pulse in inverse mode admits 101 

~99% of the available ion stream. In this case, the ions are distributed outside of the dip and 102 

repulse each other. This repulsion effect of charged ions leads to the compression of the dip, 103 

namely the improvement of resolving power [24]. The resolving power of the IIMS was enhanced 104 

about 30%-60% compared with the conventional IMS. 105 

HT-IMS 106 

In HT-IMS technique, a pseudo random binary sequence (PRBS) is used as the modulation 107 

sequence to perform the Hadamard multiplexing [11, 12]. Considering a PRBS, such as 108 

“101001011110…”, symbol “0” means the low level output which is used to shut the ion injection 109 

for a period, whereas the symbol “1” represents the high level output which is utilized to activate 110 

the ion injection. As a result, the convoluted data, namely the superposition of a series of ion 111 

mobility spectra are obtained under the control of a pseudo-random binary gating function. The 112 
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convolution of the conventional Hadamard multiplexing is demonstrated in Eq. 1. 113 

        [ ] [ ] [ ]Y S X= ×   (1) 114 

Where Y corresponds to the convolution spectrum which is encoded by multiple normal spectra, S 115 

is the ×n n  (n is the length of PRBS) matrix which is generated by PRBS, and X corresponds to 116 

a series of single spectrum which is derived from a single injection. To reconstruct the original 117 

signal X, the superimposed signal is deconvoluted by multiplication of the inverse S-matrix S-1 as 118 

shown in Eq. 2.  119 

             [ ] [ ] [ ] [ ] [ ] [ ]1 1
X S Y S S X

∗ − −= × = × ×  (2) 120 

IHT-IMS 121 

Recently, an inverse Hadamard transform ion mobility spectrometry (IHT-IMS) was 122 

developed [15, 16]. The principle of this technique is briefly described as below. Under the IHT 123 

mode, the modulation PRBS was inversed by the ion gate controller. Thus, if the normal PRBS is 124 

“101001011110…”, the gating pulse for IHT-IMS will be “010110100001...”. Here the symbol 125 

“0” means the low level output which is still used to shut the ion gate, whereas the symbol “1” 126 

represents the high level output which is used to open the ion gate. According to the principle of 127 

the IIMS, the convoluted data consists of the superposition of multiple "dips" rather than "peaks". 128 

Under this inverse Hadamard transform control mode, the inverse HT-IMS mobility spectrum was 129 

attained. Also the spurious peaks still exist in the results of IHT-IMS [16]. 130 

NIBOHT-IMS 131 

With the combination of the HT-IMS and the IHT-IMS, a normal-inverse bimodule operation 132 

Hadamard transform - ion mobility spectrometry (NIBOHT-IMS) technique is proposed in this 133 

report. In this NIBOHT-IMS technique, the ion gate controller can generate a normal and an 134 

inverse PRBS in sequential order, which is used to control the BNG ion gate as shown in Fig. 1. 135 
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The PRBS also contains a pseudo random sequence which includes a series of “1” and “0”, such 136 

as “0010001111…”. In the case of the normal HT-IMS control mode, a normal PRBS is generated. 137 

The convoluted ion signals which are composed of a series of ion mobility spectra are obtained 138 

under the control of this normal pseudo-random gating function and then they will be 139 

deconvoluted to a normal HT-IMS mobility spectrum. After that, the ion gate controller generates 140 

an inverse PRBS, an inverse HT-IMS mobility spectrum is attained. Because of the nature of 141 

PRBS and inverse PRBS, the phase of real signal will be changed to the opposite, whereas the 142 

phase of the spurious peaks will be the same [15]. Finally, the NIBOHT-IMS mobility spectrum is 143 

attained by subtracting the inverse HT-IMS mobility spectrum from the normal HT-IMS mobility 144 

spectrum. Most of those spurious peaks will be suppressed or even removed and the SNR will be 145 

increased accordingly.  146 

4. Results and discussion 147 

4.1 The measurements of the reactant ions using the conventional IMS, the normal HT-IMS, 148 

the IHT-IMS and the NIBOHT-IMS technique 149 

In this section, only reactant ions produced via negative corona discharge in air were 150 

considered. The uniform electric field in the drift region was set as 300 Vcm-1.The ion gate pulse 151 

width for all the experiments was 200 µs. The order of the S-matrix is 255 in this report except 152 

those specified experiments.  153 

As shown in Fig. 2, the spectra of reactant ions measured using the conventional IMS, the 154 

normal HT-IMS, the IHT-IMS and the NIBOHT-IMS are illustrated. The total scan time for 155 

Hadamard multiplexing is about 51 ms when the order of the S-matrix is 255 and the gating pulse 156 

width is 200 µs. In order to get the better comparison, the ion signal of conventional IMS was 157 
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averaged two times to keep its acquisition time is almost the same as that of Hadamard 158 

multiplexing methods. Fig. 2(a) shows that the maximum ion intensity is about -1915 and the 159 

baseline has a distinct fluctuation in the data of the conventional IMS. The SNR of the 160 

conventional IMS mobility spectra were calculated to be 12.7 using the equation H
SNR

σ
=  161 

respectively, where H is the height of the reactant ion peak (RIP), corresponding to the component 162 

concerned, and measured from the maximum of the peak to the extrapolated baseline of the signal 163 

and σ is the standard deviation of the baseline in the spectrum [25]. Moreover, the maximum ion 164 

intensity is decreased to -713, whereas the SNR is increased to 28.2, which is lower than the 165 

theoretical value under the normal HT-IMS mode. Some spurious peaks with the same phase of 166 

the real signal are presented as shown in Fig. 2(b). Using the IHT-IMS method, the maximum ion 167 

intensity is also decreased, which leads to the reduction of the SNR. However, the real signal peak 168 

changes to the positive direction, whereas those spurious peaks still show the negative direction as 169 

in our previous investigation [15]. The positions of the spurious peaks in the normal HT-IMS and 170 

IHT-IMS are almost the same due to the nature of PRBS and inverse PRBS as discussed above. 171 

Fig. 2 (d) shows the result measured by the NIBOHT-IMS technique. With this control mode, the 172 

spurious peaks are almost eliminated and the maximum ion intensity of RIP is increased two folds 173 

in comparison to that of the normal HT-IMS and inverse HT-IMS. The SNR is increased to 43.6, 174 

which is about 3.6 folds of that of the conventional IMS.  175 

4.2 The effect of the order of S-matrix 176 

In order to investigate the effect of the different order of S-matrix using the NIBOHT-IMS 177 

method, the reactant ions were measured using the conventional IMS, the normal HT-IMS, the 178 

IHT-IMS and the NIBOHT-IMS with different orders of S - matrix. The results are demonstrated 179 
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in Fig. 3 and Fig. 4.  180 

Fig. 3 shows the results measured using the conventional IMS, the normal HT-IMS, the 181 

IHT-IMS and the NIBOHT-IMS when the order of S - matrix is 511 in the Hadamard multiplexing 182 

method. As shown in Fig. 3(a), the maximum ion intensity and the SNR are -1808 and 12.1 183 

respectively in the conventional IMS. However, the maximum ion intensity is decreased to -940, 184 

whereas the SNR is increased to 32.1 under the normal HT-IMS mode as shown in Fig. 3(b). Fig. 185 

3(c) shows the maximum ion intensity is also decreased using the IHT-IMS method. And the SNR 186 

is still lower than the theoretical value. Besides that, the real signal peak changes to the positive 187 

direction, whereas those spurious peaks still keep the negative direction. However, the maximum 188 

ion intensity and the SNR are almost 2 folds of those of normal/inverse HT-IMS with the 189 

application of the NIBOHT-IMS. Additionally, the spurious peaks are suppressed under the 190 

NIBOHT-IMS mode as shown in the Fig. 3(d). 191 

Similarly, the reactant ions were also measured using the conventional IMS, the normal 192 

HT-IMS, the IHT-IMS and the NIBOHT-IMS, where the S-matrix order used in the HT method is 193 

changed to 1023. As shown in Fig. 4, the maximum ion intensity in NIBOHT-IMS is also two 194 

times as high as that of the normal/inverse HT-IMS. A 2.9 - fold and 3.2 –fold increases in the 195 

SNR for the normal and inverse HT-IMS are attained respectively in comparison to that of the 196 

conventional IMS, whereas the enhancement of the SNR in the NIBOHT-IMS is about 8 folds. 197 

Moreover, some distinct spurious peaks are removed in the data of the NIBOHT-IMS. 198 

Combining Fig.2, Fig.3 and Fig.4, we found that the increased tendency of the SNR is a 199 

function of sequence length in Hadamard multiplexing method. The SNR increased with the 200 

increase of the length of S-matrix order. The same phenomenon has been also observed by 201 
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Clowers et al [11]. Additionally, it is noted that the spurious peaks in the NIBOHT-IMS haven’t 202 

been eliminated completely as shown in Fig. 3(d) and Fig. 4(d). Ideally, the position and the 203 

intensities of spurious peaks should be almost the same under the normal HT-IMS and IHT-IMS 204 

control mode as mentioned above, which means that those spurious peaks will be removed 205 

completely with the application of NIBOHT-IMS. However, the repulsion effect among the 206 

charged ions in drift region plays a different role under the normal HT-IMS and IHT-IMS control 207 

mode [16], which would lead to a little shift at the position of the spurious peaks or generating 208 

some uncertain spurious peaks. Therefore a few spurious peaks with low intensity still exit in the 209 

results of NIBOHT-IMS. Anyway, the ion intensity and the SNR still have a notable enhancement 210 

using the NIBOHT-IMS.  211 

Furthermore, the acquisition time will be extended using the NIBOHT-IMS method. If the 212 

order of the S-matrix is 255, the gating pulse width is 200 µs, the total scan time for conventional 213 

Hadamard multiplexing will be about 51 ms, and the time consumption for the data acquisition 214 

(sampling, A/D conversion, decoding, and data presentation) will be about 1.5 s. As a result, the 215 

data acquisition time will be doubled (~3 s) under the NIBOHT-IMS measurement. When the 216 

length of S-matrix order is increased to 1023, the data acquisition time will be only about 12 s. 217 

The time cost is still acceptable for the fast detection of the IMS.  218 

4.3 Sample detection using the NIBOHT-IMS 219 

Measurement of CHCl3.  220 

To further evaluate the capability of the NIBOHT-IMS technique, the gas sample CHCl3 was 221 

measured by a home-made atmospheric pressure nitrogen corona discharge ion mobility 222 

spectrometry apparatus (APNCD-IMS) which can be referred to in our previous report [7-9]. 223 

Different from the APCD-IMS apparatus, an additional curtain region located between the 224 
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ionization region and the reaction region is used to prevent the sample gases from diffusing into 225 

the ionization region. In the ionization region, thermal electrons were generated by means of 226 

negative corona discharge through nitrogen gas at atmospheric pressure. The gas samples were 227 

introduced into the reaction region by carrier gas N2 and attached by the thermal low-energy 228 

electrons which were dragged from the ionization region. The product ions were formed by the 229 

interaction between the low-energy electrons and the gas sample. The uniform electric field in the 230 

drift region is 480 Vcm-1. The order of the S-matrix is 255. 231 

Gas sample CHCl3. (~480ppb) was injected into the IMS cell by syringe pump and measured 232 

using the conventional IMS, the normal HT-IMS, the IHT-IMS and the NIBOHT-IMS respectively. 233 

As shown in Fig. 5, two product ions (labeled with “1” and “2”) were observed. The intensities of 234 

the product ion peaks in the results of the NIBOHT-IMS are nearly twice as those of the normal 235 

HT and the inverse HT method. The SNR was calculated to be 23.6, 108.5 and 105.7 respectively 236 

in the conventional IMS, the normal HT-IMS and the IHT-IMS using the peak “1”. With the 237 

application of the NIBOHT-IMS, the spurious peaks are almost eliminated and the SNR is 8.9-fold 238 

and 1.9-fold enhancement respectively in comparison to that of the conventional IMS and the 239 

normal/inverse HT-IMS respectively as shown in Fig. 5(d). The enhancement of the SNR will be 240 

increased much higher with the increasing of the order of S-matrix as discussed above.  241 

Measurement of CH2Br2  242 

The SNR is enhanced and the spurious peaks are almost removed for the detection of lager 243 

ion signal as discussed above. In this section gas sample CH2Br2 was measured for evaluating the 244 

detection capability of the small ion signal using the NIBOHT-IMS technique. There are two 245 

products for the low energy electron attachment of CH2Br2 as our previous investigation [26]. 246 
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During the experiments, about 5 ppm CH2Br2 was injected into the IMS cell for the measurements 247 

by the conventional IMS, the normal HT-IMS, the IHT-IMS and the NIBOHT-IMS. As shown in 248 

the Fig. 6(a), one distinct lager peak labeled with “1” was observed at 9.05 ms. However the peak 249 

“2” is almost confused with the baseline noise and is very hard to be distinguished. The SNR was 250 

calculated to be only 4.8 using the peak “2”. Under the HT-IMS and IHT-IMS mode, the peak “2” 251 

can be clearly distinguished. The SNR was increased to 13.4 and 12.9 respectively. Unfortunately, 252 

some distinct spurious peaks were observed as shown in Fig. 6(b) and (c). Fig. 6(d) shows the 253 

results of the NIBOHT-IMS. The spurious peaks are suppressed remarkably in comparison to 254 

those of the results of the HT-IMS and IHT-IMS. The peak “2” can be clearly resolved and the 255 

SNR was calculated to be 26.9, which is about 5-fold and 2-fold enhancement respectively in 256 

comparison to that of conventional IMS and the normal/inverse HT-IMS. The results validates that 257 

the NIBOHT-IMS technique is still effective for the detection of the weak ion signals.  258 

5. Conclusion 259 

In this report, in order to suppress or eliminate the spurious peaks and increase the SNR in 260 

the data of Hadamard multiplexing technique, a normal-inverse bimodule operation Hadamard 261 

transform - ion mobility spectrometry (NIBOHT-IMS) technique was developed. The ion intensity 262 

and the SNR in the NIBOHT-IMS were enhanced over the normal and inverse HT-IMS by 263 

measuring the reactant ion. The spurious peaks were suppressed or removed effectively. 264 

Furthermore, the gas sample CHCl3 and CH2Br2 was measured for evaluating its ability to detect 265 

lager and small ion signals using the NIBOHT-IMS technique. The spurious peaks are almost 266 

removed and the SNR was enhanced remarkably with the application of the NIBOHT-IMS. 267 
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Figure Captions 344 

Fig. 1 Schematic diagram of the normal-inverse bimodule operation Hadamard transform - ion 345 

mobility spectrometry. The ion signal in this figure is a negative detection mode. 346 

Fig.2 The ion mobility spectra of the reaction ions measured by (a) the conventional IMS (b) the 347 

normal HT-IMS. (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 255 348 

in the Hadamard multiplexing data. 349 

Fig. 3 The ion mobility spectra of the reaction ions measured by (a) the conventional IMS (b) the 350 

normal HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 511 351 

in the Hadamard multiplexing data. 352 

Fig.4 The ion mobility spectra of the reaction ions measured by (a) the conventional IMS (b) the 353 

normal HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 354 

1023 in the Hadamard multiplexing data. 355 

Fig. 5 The ion mobility spectra of CHCl3 measured by (a) the conventional IMS (b) the normal 356 

HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 255 in the 357 

Hadamard multiplexing data and the SNR was calculated by peak “1”. 358 

Fig. 6 The ion mobility spectra of CH2Br2 measured by (a) the conventional IMS (b) the normal 359 

HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 255 in the 360 

Hadamard multiplexing data and the SNR was calculated by peak “2”361 
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Figure Captions 

Fig. 1 Schematic diagram of the normal-inverse bimodule operation Hadamard transform - ion 

mobility spectrometry. The ion signal in this figure is a negative detection mode. 

Fig.2 The ion mobility spectra of the reaction ions measured by (a) the conventional IMS (b) the 

normal HT-IMS. (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 255 

in the Hadamard multiplexing data. 

Fig. 3 The ion mobility spectra of the reaction ions measured by (a) the conventional IMS (b) the 

normal HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 511 

in the Hadamard multiplexing data. 

Fig.4 The ion mobility spectra of the reaction ions measured by (a) the conventional IMS (b) the 

normal HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 

1023 in the Hadamard multiplexing data. 

Fig. 5 The ion mobility spectra of CHCl3 measured by (a) the conventional IMS (b) the normal 

HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 255 in the 

Hadamard multiplexing data and the SNR was calculated by peak “1”. 

Fig. 6 The ion mobility spectra of CH2Br2 measured by (a) the conventional IMS (b) the normal 

HT-IMS (c) the IHT-IMS and (d) the NIBOHT-IMS. Here the order of the S-matrix is 255 in the 

Hadamard multiplexing data and the SNR was calculated by peak “2”
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Fig. 6 
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Highlights 

 

1. A normal-inverse bimodule operation Hadamard transform - ion mobility spectrometry 

(NIBOHT-IMS) technique was developed for the first time. 

2. Experimental results demonstrate that the NIBOHT-IMS technique can significantly suppress or 

eliminate the spurious peaks 

3. The SNR was enhanced with the application of the NIBOHT-IMS not only for the detection of 

larger ion signals but also for the detection of small ion signals. 

 


