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ABSTRACT: There is a high global demand for sensitive, portable, user-friendly, and cost-effective biosensors. In this work, we 

introduce a barometer-based biosensor for the detection of a broad range of targets. The device is operated by measuring the 

pressure change produced by oxygen (O2) generation in a limited chamber using a portable barometer. The design employs core-

shell Au@Pt nanoparticles (Au@PtNPs) as the bioassay probe to catalyze the decomposition of H2O2 and the release of O2. As a 

proof of concept, we developed barometer-based immune-sensors to detect carcinoembryonic antigen (CEA) and ractopamine 

(Rac). In addition, barometer-based aptasensors for sensitive detection of thrombin and mercury ion (Hg
2+

) were also developed. In 

order to facilitate the analysis of results, we have developed a smartphone software to calculate, save and wirelessly trsnsmit the 

results. Linear detection ranges for detection of CEA, Rac, thrombin and Hg
2+

 were 0.025 ng/mL-1.6 ng/mL, 0.0625 ng/mL-4 

ng/mL, 4 U/L-128 U/L and 0.25 ng/mL-16 ng/mL, respectively. The detection limit of these four analytes is 0.021 ng/mL, 0.051 

ng/mL, 2.4 U/L and 0.22 ng/mL, respectively. Furthermore, the developed barometer-based biosensors exhibited high specificities 

for these four analytes. CEA in serum samples, Rac in urine samples, thrombin in serum samples and Hg
2+ 

in river water samples 

were measured by the barometer-based biosensors. Obtained results of these targets from barometer-based biosensors were 

consistent with detection results from traditional methods, indicating that barometer-based biosensors are widely applicable. 

Despite the large demand for highly sensitive, highly selec-

tive, low cost, and portable biosensors, 
1-3

 current techniques 

have not been able to meet all of these criteria. There exist 

many well-developed methods and techniques that can achieve 

highly accurate and sensitive detection, including mass spec-

trometry, 
4
 quartz crystal microbalance sensors, 

5-7
 electro-

chemical sensors, 
8-9

 chemiluminescence sensors, 
10-11

 bio-

chips, 
12-13

 enzyme-linked immunosorbent assays (ELISA), 
14

 

nano-electrochemical sensors and DNA nano-electrochemical 

sensors,
 15-16

  and others methods. 
17-25

 However, most of these 

approaches require expensive and complicated instrumenta-

tion, high maintenance, high operating costs and professional 

operators. Because of these factors, these techniques have not 

been widely used in field testing in places with limited re-

sources. In recent years, considerable effort has been devoted 

to developing on-site detection devices. 
26-27

 Lateral flow sen-

sors are the most widely used field testing devices. 
28

 For ex-

ample, Au nanoparticles (NPs) lateral flow sensors have been 

employed because of their portability, cost-effectiveness and 

the ability to visualize the results with naked eye. 
29-31

 Lateral 

flow sensors are highly sensitive when coupled with high-

efficiency tracers, such as fluorescence NPs, 
32-34

 quantum 

dots, 
35-36

 and coded surface-enhanced Raman scattering 

(SERS) NPs. 
37-40

 However, a significant disadvantage of lat-

eral flow sensors is that they require expensive readout in-

struments to produce quantitative results. Another technology 

widely used in field testing is microfluidic chips. 
41-43

 Qin’ 

group
44

 reported an elegant multiplexed volumetric microflu-

idic chip allowing direct visual quantification of target bi-

omarkers without additional instrumentation. This type of 

microfluidic chip has been employed to test a variety of ana-

lytical targets. 
45-46

 Although the volumetric bar-chart chip 

requires a minimal number of accessory devices, the pro-

cessing costs of the chip are high, and the microfluidic plat-

form still requires a fluid-introducing accessory device and a 

pump control system. 
47

 In addition, the readout results of cur-

rent volumetric microfluidic chips were ink-movement lengths, 

rather than concentration of analytes. A series of calculations 

was required. This problem has become an obstacle for exten-

sive use of these biosensors by non-professional operators or 

untrained users.  

In this study, we have developed a lower cost, portable and 

user-friendly barometer biosensor that enables quantitative 

detection of a broad range of analytes. The design employs 

core/shell Au@PtNPs as probes, which demonstrate excellent 

catalytic stability and high catalytic activity in the decomposi-

tion of H2O2 to release O2. The generated O2 accumulates 

within the limited volume chamber and causes an increase in 

pressure, which is measured by a portable barometer. The 

analyte concentrations are linearly proportional to the meas-

ured pressures.  As a proof of concept, we developed barome-

ter-based immune-sensors to detect CEA in serum samples 

and Rac
 

in urine samples. In addition, we developed 

aptasensors to detect thrombin in serum samples and Hg
2+

 ion 
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in water samples. These results indicate that the barometer-

based biosensors developed in this study have a wide range of 

applications.  

METHODS AND MATERIALS 

Materials and reagents 

This section was presented in Supporting Information 

Preparation of Au@PtNPs. The Au@PtNPs were syn-

thesized according to previous reports.
48 

For the preparation of 

AuNPs, 4 mL of 1% HAuCl4 solution and 96 mL of ultrapure 

water were added to a round-bottom flask under a reflux con-

denser, and then headed the solution to boiling with magnetic 

stirring. Then, 3 mL of 4% sodium citrate was added, and the 

solution was keep boiled with stirring for 20 min. A wine-red 

liquid was obtained, indicating the formation of AuNPs. For 

the preparation of Au@PtNPs, 10 mL of AuNPs and 200 µL 

of 3.86 mM H2PtCl6 were mixed together，and then heated 

the mixture to 80  ℃under magnetic stirring. 800 µL aliquot of 

10 mM ascorbic acid was slowly added in this solution with 3 

min. The mixture was then heated and stirred for another 30 

min. 

Preparation of Anti-CEA-antibody labeled magnetic 

beads (mAb1-MBs). MBs (100 µL) were washed by 1 mL 

washing buffer, and then suspended in 1 mL of PBS buffer. 

Then using 100 mM MES buffer (pH 4.8) diluted mAb1 to 1 

mg/mL, and following mixed with the MBs. After 2 h, 100 µL 

of 10% BSA were added to block the surface of the MBs. Af-

ter 1 h, the unconjugated mAb1 were removed under a mag-

netic rack. The resulting mAb1-MBs were resuspended into 

100 µL PBS, and then stored at 4 .℃ 

Barometer-based immune-sensors for detection of 

CEA. 5 µL mAb1-MBs were mixed 100 µL CEA samples. 

After 0.5 h, centrifuge tubes were placed in the magnetic rack 

with 3 min, and the mAb1-MBs were collected. After repeat-

ing this washing process 3 times, the MBs were resuspended 

in 100 µL of PBS. Then 4 µL mAb-Au@PtNPs mixed with 

mAb1-MBs with 30 min. After washing 5 times with PBST 

buffer, the mixtures were washed 5 times by PBST buffer and 

resuspended in 300 µL of 10 M H2O2. After 30 min, the baro-

metric pressure within the tubes was measured by the barome-

ter.  

Detection of CEA in real serum samples. 5 µL of 

mAb1-MBs were transferred into 100 µL serum sample. After 

0.5 h, the centrifuge tube was placed in a magnetic rack with 3 

min, and then collected mAb1-MBs. After washing 3 times, 

mAb1-MBs were suspended into 100 µL of PBS, and then 4 

µL of mAb-Au@PtNPs was mixed. After washing five times, 

the mixtures were resuspended in 300 µL 10 M H2O2. 30 min 

later, the barometric pressure in centrifuge tube was measured 

by the barometer. 

For methods for detection of Rac, thrombin and Hg
2+

, ex-

perimental process was displayed in Supporting Information. 

RESULTS AND DISCUSSION  

Design of the barometer bio-sensor. The principle of the 

barometer-based biosensor is displayed in Figure 1. The bio-

sensor was assembled with a portable barometer, two valves, a 

silicone plug, and an Eppendorf tube (with a maximum capaci-

ty of 500 µL). These components were connected through 

three silicone tubes (with a diameter of 1 mm) and sealed with 

sealant. When the bio-reaction was completed, 300 µL of 

H2O2 were added into the tube, and a silicone plug was insert-

ed into the tube at the 400 µL-mark. Valve A was then shut 

off, and after 1 min, valve B was shut off. After 30 min, the 

barometer was turned on and the reset button was pressed to 

display a pressure reading of 0 Pa. Subsequently, valve A was 

opened, and the pressure in the chamber was measured by the 

barometer. When the measurement was finished, valve B was 

opened, and the silicone plugs were removed from the tube. 

Furthermore, we have developed a smart phone software 

which was used to calculate, save and wirelessly transmit the 

results (Figure S4). 

Characterization of the barometer-based biosensors. 

In this work, the barometric biosensor was operated by meas-

uring the pressure change produced by oxygen (O2) generation 

in a sealed chamber using a portable barometer. To sealed 

reaction chamber, plastic centrifuge tube was selected, rather 

than commonly used microwells. In experimentation, many 

washing steps were needed, and therefore MBs were used to 

conjugate with antibody, antigen or aptamer to prevent these 

bio-recognition elements from being washed out. To ensure 

sensitivity and stability of the barometer-based biosensor, an 

efficient and stable catalyst is needed to decompose H2O2 and 

generate O2. Catalase is the most efficient natural enzyme, and 

nanomaterials containing group VIII metal elements have been 

reported that could catalytically decompose H2O2 to generate 

O2. The order of activity decreasing in the sequence of Pt > Ir > 

Pd > Ru > Rh. 
49

 Therefore, they have been intensely 

applied.
50-53

 In this study, Au@PtNPs were synthesized via 

 

Figure 1. Scheme of the barometer-based biosensor. This ba-

rometer-based biosensor operates based on the measurement 

of oxygen generation in a limited chamber by using a precise 

barometer. The design employs Au@PtNPs as probes for the 

decomposition of H2O2 to release O2. The generated O2 accu-

mulates within the limited volume chamber and causes an 

increase in pressure, which is measured by a portable barome-

ter. Analyte concentrations are linearly proportional to the 

measured pressures. 
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 deposition of a thin Pt layer on the surface of AuNPs. AuNPs 

exhibited a smooth surface and a diameter of 15 nm (Figure 

2a). The Au@PtNPs exhibited a dendritic surface and a di-

ameter of 21 nm (Figure 2b), and the absorption peak of 

Au@PtNPs was 510 nm (Figure 2c). These results are con-

sistent with previous studies,
54-55

 indicating the successful 

synthesis of Au@PtNPs. The catalytic efficiency of catalase 

and mAb2-Au@PtNPs was compared. The concentration of 

H2O2 may affect the catalytic efficiency of the catalyst. Cata-

lase and mAb2-Au@PtNPs (at a final concentration of 3 pM) 

were diluted into different concentrations of H2O2 to generate 

O2. With increasing H2O2 concentration, the released O2 in-

creased, reaching maximal activity levels at H2O2 concentra-

tion was 10 M (Figure 2d). Catalase exhibited maximal cata-

lytic activity at an H2O2 concentration of 10 mM (Figure 2e). 

This result is consistent with previous studies
56

. Under optimal 

conditions, Au@PtNPs produce more O2, indicating that 

Au@PtNPs were an efficient catalyst for the generation of O2. 

The same concentration of catalase and Au@PtNPs reacted 

with BSA-Rac-MBs and, after washing, pressures were meas-

ured by barometer. The obtained pressure using Au@PtNPs 

was much higher than obtained pressure using catalase (Figure 

S1), indicating that Au@PtNPs is a preferred catalyst in ba-

rometer-based biosensors. The volume of the gas chamber of 

the barometer-based biosensor is approximately 200 µL. To 

yield a pressure change of 1 Pa in the chamber, approximately 

2×10
-3

 µL of O2 is needed. Since the molecular weight of the 

catalase used in this study was 250,000 KDa and the enzyme 

activity was 50,000 U/mg, 1.3×10
-13

 M of catalase was re-

quired to achieve the above pressure change under optimal 

conditions. Because the released O2 of the mAb-Au@PtNPs 

was approximately 20 times that of catalase, 6.5×10
-15 

M of 

mAb-Au@PtNPs is theoretically required to produce a pres-

sure change of 1 Pa. In our study, 40 fM of mAb-Au@PtNPs 

produced a pressure change of 181 Pa (Figure 2f). This value 

was close to the theoretical value. Furthermore, the 

Au@PtNPs also exhibited thermal stability. The Au@PtNPs 

retained 95% activity over 50 days at 4°C (Figure S2), where-

as catalase lost 80% activity over 7 days at 4°C (Figure S3). 

Additionally, the mAb-Au@PtNPs preparation does not re-

quire laborious and costly purification steps to remove uncon-

jugated mAb, unlike the preparation of mAb-catalase. There-

fore, Au@PtNPs was selected. To assess the stability of the 

devices, different concentrations of mAb2-Au@PtNPs were 

used to generate O2. In the first study, one barometer-based 

biosensor was used to measure barometric pressures from 

three independent experiments. The acquired values were ap-

proximately equivalent (Figure 2g, blue group). Second, bar-

ometric pressures were measured by three individual barome-

ter-based bio-sensors simultaneously. There were no signifi-

cant differences in the results from each biosensor (Figure 2g, 

red group)， indicating the high stability of the barometer-

based bio-sensors. 

Detection of CEA using the barometer-based immune-

sensor. CEA is usually present low concentration in healthy 

blood. However, the CEA concentration was increased in 

some cancer, especially cancers of the large intestine (colon 

and rectal cancer). In an adult non-smoker, the normal level of 

CEA is <2.5 ng/mL, and in a smoker, the normal level of CEA 

is <5.0 ng/mL.
57

 For the sandwich immune-sensor, a capturing 

 

Figure 2. a-b. TEM images of the AuNPs and Au@PtNPs. 

Scale bar was 20 nm. c. Absorption spectra of the AuNPs 

and Au@PtNPs. d. Catalytic efficiency of mAb2-Au@PtNPs 

under different concentrations of H2O2. e. Catalytic efficiency 

of catalase under different concentrations of H2O2. f. Catalytic 

efficiency of different concentrations mAb2-Au@PtNPs under 

10 M of H2O2. g. Stability of the barometer-based biosensor. 

Blue group shows the stability of a single barometer-based 

biosensor (3 measurements), and red group shows the stability 

of three barometer-based biosensors.  

 

antibody was conjugated with MBs (mAb1-MBs), and mAb2 

was conjugated with Au@PtNPs (mAb2-Au@PtNPs). For 

detect low concentrations CEA samples, the amount of mAb2-

Au@PtNPs bound to mAb1-MBs was small. Because fewer 

H2O2 molecules were decomposed by the mAb-Au@PtNPs, 

the measured barometric pressures were low. For detect high 

concentrations CEA samples, a large number of mAb2-

Au@PtNPs were bound to the mAb1-MBs. Therefore, the 

measured barometric pressures were high (Figure 3 a-b). In the 

CEA detection, a good linear correlation (R
2
=0.994) was ob-

tained between barometric pressure and CEA concentration 

within the range of 0.025 - 1.6 ng/mL (Figure 3c), and the 

limit of detection (LOD) was 0.021 ng/mL. To evaluate the 

specificity of the barometer-based CEA immune-sensor, the 

device was used to measure 1.6 ng/mL solutions of various 

proteins, and results showed high specificity (Figure 3d). CEA 

concentrations in serum samples were measured using the 

barometer-based immune-sensor and also separately by chemi-

luminescence immunoassay. The results from the barometer-

based immune-sensor were correlated with those from chemi-

luminescence immunoassay (Figure 3e), indicating that the 

developed barometer-based immune-sensor could detect CEA 

in serum samples. 
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Figure 3. CEA detection using the barometer-based immune-

sensor; a. Scheme of the barometric pressures for CEA detec-

tion; b. Concentration-dependent barometric pressures for the 

detection of CEA; c. Calibration curve of barometer-based 

immune-sensor for CEA detection; d. Specificity of the ba-

rometer-based immune-sensor for CEA detection. e. Compari-

son of CEA detection in serum samples using the barometer-

based immune-sensor and chemiluminescence immunoassay.  

 

Detection of ractopamine (Rac) using the barometer-

based immune-sensor. Ractopamine (Rac) is a small bron-

chodilator molecule that often used as a selective ago-

nist/antagonist. Ingestion of Rac may cause cardiac hypertro-

phy, irregular rhythms, and specific cell death. 
58

 For the Rac 

competitive immune-sensor, coating antigen Rac-BSA was 

conjugated with MBs, and an anti-Rac-mAb was labeled with 

Au@PtNPs to form mAb-Au@PtNPs. For the detection of low 

concentration Rac samples, the Au@PtNPs bound to the Rac-

BSA-MBs, resulting in the production of O2. Therefore, high 

pressures were measured. For the detection of positive sam-

ples, some of the mAb-Au@PtNPs bound to Rac, thus de-

creasing the amount of mAb-Au@PtNPs that bound to the 

Rac-BSA-MBs. Because fewer H2O2 molecules were decom-

posed by the mAb-Au@PtNPs, the measured barometric pres-

sures were low (Figure 4a-b). In our Rac detection studies, a 

linear correlation (R
2
=0.987) was obtained between barometric 

pressure and Rac concentration within 0.0625 ng/mL-4 ng/mL 

(Figure 4c), and the LOD was 0.051 ng/mL. To evaluate the 

specificity of the barometer-based Rac immune-sensor, the 

device was used to measure 4 ng/mL solutions of various ago-

nists (clenbuterol, phenylethanolamine A, and salbutamol). 

The negligible cross-reaction rates for these agonists (1.5%, 

3.34%, and 0.72%, respectively) indicated that the barometer-

based immune-sensor had high specificity (Figure 4e). Rac 

was spiked into urine samples with different concentrations 

and then measured using the barometer-based immune-sensor  

Figure 4. Rac detection using the barometer-based immune-

sensor; a. Scheme of the barometer-based immune-sensor for 

the detection of Rac. b. Concentration-dependent barometric 

pressures for the detection of Rac; c. Calibration curve of ba-

rometer-based immune-sensor for Rac detection; d. Detection 

of Rac in urine samples using the barometer-based immune-

sensor and HPLC-MS/MS; e. Specificity of the barometer-

based immune-sensor for Rac detection.  

 

and also separately by MS-MS-UPLC. The results from the 

barometer-based immune-sensor were correlated with those 

from MS-MS-UPLC (Figure 4d), indicating that the developed 

barometer-based immune-sensor could be used for food safety 

monitoring. 

Detection of thrombin using the barometer-based 

aptasensor. Aptamers are selected from random oligonucleo-

tide pools by a technique called systematic evolution of lig-

ands by exponential enrichment (SELEX) and have the ability 

to bind a series of targets.
59

 Compared with antibodies, ap-

tamers are more easily synthesized and have stronger stability 

than antibodies. Therefore, aptamers have applied in many 

fields. In order to prove that our developed barometer-based 

biosensor could serve as an aptasensor, thrombin and mercury 

ions (Hg
2+

) were tested.  

Thrombin is a biomarker for cardiovascular disease and a 

crucial tumor marker for diagnosis of pulmonary metastasis. 
60

 

In the sandwich aptasensor for detection of thrombin, aptamer 

1 (T29) was conjugated with MBs and aptamer 2 (T15) was 

labeled with Au@PtNPs (T15-Au@PtNPs). For the detection 

of low concentrations thrombin samples, a small amount of 

T15-Au@PtNPs that bound to the T29-MBs. Because fewer 

H2O2 were decomposed by the T15-Au@-PtNPs, the measured 

barometric pressures were low. For the detection of serum 

samples with high concentration thrombin, a large number of 

T15-Au@PtNPs was bound to the T29-MBs. Therefore, the 

measured barometric pressures were high (Figure 5 a-b). In  
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Figure 5. Thrombin detection using the barometer-based 

aptasensor; a. Scheme of the barometer-based aptasensor for 

detection of thrombin. b. Concentration-dependent barometric 

pressures for thrombin detection; c. The calibration curve of 

thrombin detection; d. Specificity of the barometer-based 

aptasensor for thrombin. e. Detection of thrombin in serum 

samples using the barometer-based aptasensor and ELISA. 

Amptamers in this study have the following sequences: T15 

(5'-biotin-GGTTGGTGTGGTTGG-3'); T29 ( 5'-AGTCCGTG 

GTAGGGCAGGTTGGGGTGACT-biotin-3'). 
61

 

 

thrombin detection studies, a good linear correlation 

(R
2
=0.996) was obtained between barometric pressure and 

thrombin concentration within the range of 4-128 U/L (Figure 

5c), and the LOD was 2.51 U/L. To evaluate the specificity of 

the barometer-based thrombin aptasensor, the device was used 

to measure 128 U/L solutions of various proteins, and results 

showed high specificity (Figure 5d). Thrombin concentrations 

in serum samples were measured using the barometer-based 

aptasensor and also separately by ELISA. The results from the 

barometer-based aptasensor were correlated with those from 

ELISA (Figure 5e), indicating that the developed barometer-

based aptasensor may be used for detection of thrombin in 

serum samples. 

Hg
2+ 

detection using the barometer-based aptasensor. 

There is a great need for simple, reliable on-site analyses for 

Hg
2+

 in surface water, due to mercury accumulation in the 

body leads to brain and liver damage. In the competitive 

aptasensor, anti-Hg
2+

 aptamer was conjugated with 

Au@PtNPs (aptamer-Au@PtNPs). Also, MBs were labeled 

with complementary chains of aptamer (CC-MBs). For the 

detection of low concentrations Hg
2+

samples, a large number 

of aptamer-Au@PtNPs was bound to the CC-MBs. Therefore, 

high barometric pressures were measured. For the detection of 

high concentration Hg
2+

 samples, the aptamer was bound with 

Hg
2+

 and furthermore could not bind with CC-MBs. Because 

fewer H2O2 molecules were decomposed by the Au@PtNPs, 

the measured barometric pressures were low (Figure 6a-b). In 

Figure 6. Hg
2+ 

detection using the barometer-based aptasensor; 

a. Scheme of the barometer-based aptasensor for detection of 

Hg
2+

. b. Concentration-dependent barometric pressures for the 

detection of Hg
2+

; c. Calibration curve for Hg
2+ 

detection; d. 

Specificity of the barometer-based aptasensor for Hg
2+

 detec-

tion. e. Detection of Hg
2+

 in water samples using the barome-

ter-based aptasensor and ICP-MASS. Aptamers in this study 

have the following sequences: Mercury ion recognition ap-

tamer (5’-biotin-AAAAAAAAAATTCTTTCTTCCCCTT 

GTTTGTT-3’) and its complementary oligonucleotide (5’-

biotin-AAAAAAAAAACACAAACAAGGCCAA CA-3’). 
62

 

 

the Hg
2+

 detection, a good linear correlation (R
2
=0.998) was 

obtained between barometric pressure and Hg
2+

 concentration 

within the range of 0.25-16 ng/mL (Figure 6c), and the LOD 

was 0.22 ng/mL. To evaluate the specificity of the barometer-

based Hg
2+

 aptasensor, the device was used to measure16 

ng/mL solutions of various ions. The negligible cross-reaction 

rates indicating that the barometer-based aptasensor had high 

specificity (Figure 6d). Hg
2+

 was spiked into river water sam-

ples with different concentrations and then measured using the 

barometer-based aptasensor and also separately by ICP-MS. 

The results from the barometer-based aptasensor were corre-

lated with those from ICP-MS (Figure 6e), indicating that the 

developed barometer-based aptasensor may be used for envi-

ronmental pollution monitoring. 

Comparison of barometer-based biosensors and other 

methods. The detection results of the barometer-based bio-

sensors for CEA, Rac, thrombin and Hg
2+

 were compared with 

those of other analytical technologies reported in the literature 

(Table S1). Although some of these techniques are more sensi-

tive and accurate, the reported barometer biosensors do not 

need expensive instruments to obtain results, such as micro-

plate reader, chemiluminescence analyzer and electrochemical 

workstation. Therefore, we believe that barometer-based bio-

sensors are more suitable for some areas with limited re-

sources because of their portability and cost-effectiveness. 
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CONCLUSIONS 

In this study, we have developed a low-cost, portable, and 

user-friendly barometer-based biosensor. The developed ba-

rometer-based biosensor has many advantages. First, the ba-

rometer-based biosensor is free from expensive optical and 

electronic components. This advantage simplifies instrumental 

design and cost. Second, the experiment was more user-

friendly, as the addition of the sample and the washing steps 

were completed in eppendorf tubes. Third, through the assis-

tance of the smartphone software developed in this work, the 

users can easily get the concentration of the analytes and can 

save or transmit the results wirelessly. We developed barome-

ter-based biosensors to detect CEA, Rac, thrombin and Hg
2+

. 

Good performances of these biosensors indicated that the de-

veloped barometer-based biosensors have a great potential for 

applications in point-of-care diagnostics, food safety, and en-

vironmental monitoring.    
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Scheme of the barometer-based biosensor. This barometer-based biosensor operates based on the 
measurement of oxygen generation in a limited chamber by using a precise barometer. The design employs 
Au@PtNPs as probes for the decomposition of H2O2 to release O2. The generated O2 accumulates within the 
limited volume chamber and causes an increase in pressure, which is measured by a portable barometer. 

Analyte concentrations are linearly proportional to the measured pressures.  
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